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GCPEP  Steering  Committee  Meeting 
April  6-7, 2000 
Conecuh  National  Forest 


Thursday  April  6, 2000  DAY  1 


TIME 

TOPIC 

9:00  am  CST 

Welcome  &  Meeting  Logistics 

9:10  am 

Introduction  of  Partner  Contacts 

GCPEP  Operations 

9:15  am 

Job  Accomplishments  for  Aquatic  Specialist  &  Project  Administrator 

10:15  am 

Break 

10:30  am 

Job  Objectives  for  Project  Conservation  Ecologist 

11:00  am 

New  &  Current  Partner  Discussion 

11:30  am 

Lunch  at  the  Charter  House  (Buffet  Style) 

Maior  Project  Updates 

12:30  pm 

Project  Updates  &  Discussion 

2:15  pm 

Herbicide  Impacts  on  Groundcover  Report 

2:45  pm 

Break 

3:00  pm 

Deadhead  Logging  Update 

3:30  pm 

Blackwater  River  Watershed  Report 

4:00  pm 

End  of  Meeting  for  Day  1 
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GCPEP  Steering  Committee  Meeting 
April  6 -7, 2000 
Conecuh  National  Forest 


Friday  April  7. 2000  DAY  2 


TIME 


TOPIC 


9:00  am  CST 
9:10  am 

10:15  am 

10:30  am 

11:30 

11:45 

12:00-1:00  pm 

1:00-3:30  pm 


Welcome  &  Meeting  Logistics 
Partner  Updates 

Important  Issues,  Needs  &  Suggestions  from  Other  Partners 

Break 

Strategy  &  Action  Identification 
New  Conservation  Targets 
Meeting  Wrap-up 

Date  Selection  &  Location  for  next  Steering  Committee  Meeting 
Evaluation 

Lunch 

Conecuh  National  Forest  Tour 


Gulf  Coastal  Plain  Ecosystem  Partnership 


February  PARTNERS  QUARTERLY  NEWS  2000 


Greetings  GCPEP 
Partners  &  Steering 
Committee  Members! 

We  hope  this  finds  you  all  well. 
Since  we  last  saw  you  we  have 
gotten  all  of  our  accounting,  inter 
and  intra-net  and  office  systems 
installed  and  running.  This  took 
longer  than  expected,  but,  not 
nearly  as  long  as  it  would  have 
taken  if  we  had  moved  our  office. 

Instead,  Champion  International 
generously  extended  our  office 
space  donation  for  another  year. 
Thank  you  again  to  Arden,  Ad  and 
the  Champion  staff,  especially  at 
the  Jay  office,  for  the  tremendous 
support  they  provide. 

Tremendous  gratitude  must  go  out 
also  to  the  Department  of  Defense, 
National  Forests  in  Alabama  and 
The  Nature  Conservancy  for  their 
funding  support  of  GCPEP  in 
1999-2000. 

Some  of  the  partners  expressed  a 
desire  to  contribute  supplies  rather 
than  funds  to  GCPEP.  We  will  use 
this  newsletter  for  our  “Wish  List”. 
Thank  you  for  your  offer  and  we 
plan  to  take  you  up  on  it! 

MAIL  &SHIPADDRESS 

Gulf  Coastal  Plain  Ecosystem 
Partnership  (GCPEP) 
4025  HIGHWAY  178 
JAY,  FL  32565 


Please  stop  by  and  see  us  when 
you  are  in  the  neighborhood. 


If  any  Partner  has  a 
GCPEP  LOGO  idea 
please  contact  Perrin. 


The  GCPEP  staff  will  be 
working  on  the  FY200I 
Budget  in  February. 


Vernon  Compton 

Project  Director 


Phone:  (850)  675-5760 

Fax:  (850)  675-5756 

gcpep@bellsouth.net 


Stephanie  Davis 
Aquatic  Specialist 


Phone:  (850)  675-2884 

Fax:  (850)  675-5759 

gcpeph2o@bellsouth.net 

— ♦ - 

Perrin  Penniman 

Project  Administrator 

* ‘Phone:  (850)  675-5758 

“Fax:  (850)  675-5759 

“gcpepadm@bellsouth.net 


“  Please  Direct  ALL  General 
Information  To  Administrator’s 
Phone,  Fax  and  Email. 


PARTNERS  QUARTERLY 
NEWS 

Items  received  for  the  newsletter  by  the  last 
day  of  the  month  will  be  sent  out  the  first 
week  of  the  next  month. 

FEB  29  for  MARCH  2000 

Please  Send  These  Items  to 
Administrator’s  Email 

•  Updated  FACT  SHEET  for 
each  Partner 

•  Upcoming  EVENTS  for  the 
Next  3  Months 

(March,  April,  May) 

Please  submit  a  list  of 
Upcoming  Events 

•  AWARDS  &  PROJECTS 
from  the  Past  3  Months 
(Dec.,  Jan.  and  Feb.) 

1  or  2  paragraphs  of 
Past  Facts 


Some  of  the  things  we  have 
been  doing  since  we  last  met: 

Vernon 

•  With  assistance  from  USFS  and  the 
Florida  Trail  Association,  seciued 
two  large  volunteer  groups, 
(American  Hiking  Society 
Volunteer  Vacation  &  FTA 
Heartland  Chapter)  to  work  on 
construction  of  the  Eglin  Trail 

•  Blackwater  River  Watershed 
Report  and  Road  Restoration 

•  Research,  Input  and  participation 
in  DEP  Working  Group  on 
deadheading  in  GCPEP  rivers 

•  TNC  Fire  Management  Meeting  & 
Training 

•  Society  of  American  Foresters 
Executive  Committee  Leadership 
Meeting 

•  Assisted  in  ANHP  Draft  Proposal  to 
Conecuh  National  Forest  for 
biological  monitoring 

•  Worked  with  TNC  and  NWFWMD 
staff  on  possible  Yellow  River  land 
acquisition 

Stephanie 

•  Blackwater  River  Watershed 
Report  and  Road  Restoration 

•  DEP  Training  on  Biorecon 
sampling  methods 

•  Deadhead  Logging  literature 
search  &  documentation 

•  Okaloosa  Darter  meeting 
discussing  recoveiy  efforts 

•  Visited  aquatic  sites  on  Eglin, 
Blackwater  &  Champion 

•  Apalachicola  River  &  Bay  duties 

Perrin 

Training  on  budgets,  grants, 
reporting,  human  resources, 
volunteer  coordinating,  marketing 
and  communications 
GCPEP  newsletter  &  presentation 


Once  we  train  our  volunteers, 
we  will  lengthen  the  newsletter 
and  use  photographs. 


We  appreciate  everyone’s  input 
about  contents  or  appearance  on 
this  basic  prototype. 


last  day  of  the  month  will  be  sent  out 
the  first  week  of  the  next  month. 


MAY  31  for  JUNE  2000 


Champion  is  committed  to  public  accountability  of  forest  practices.  Doing  the  right  thing  on 
all  forest  land  and  working  cooperatively  with  others  makes  sense  both  from  business  and 
ecological  perspectives  as  it: 


GCPEP 


arch 


PARTNERS'  QUARTERLY  NEWS 
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CGPEP  Conservation 
Objectives  (in  priority  order) 

L  Conserve  viable  populations  of 
target  species 

2.  Introduce  relatively  natural  fire 
regimes  protecting  key  ecotypes 

3.  Protect  urban  interface  and 
reduce  fragmentation  by  use  of 
conservation  easements 


Even  Bigger  News 

UPM-Kymmene  Corporation  and  Champion  International  Corporation  have  approved  a 
merger  agreement  that  would  create  a  truly  global  paper  and  forest  products  company.  The 
combined  enterprise  value  is  approximately  $20.2  billion.  The  combined  company  will  be 
called  Champion  International,  symbolized  by  UPM-Kymmene’s  logo,  the  Griffin,  and 
headquartered  in  Helsinki,  Finland.  The  combined  company  will  have  manufacturing  plants 
in  17  countries,  sales  and  distribution  in  50,  and  responsibility  for  the  sustainable 
management  of  15.8  million  acres  of  forestlands  worldwide. 

GCPEP  Activities 


4.  Control  erosion  in  ecologically 
sensitive  areas 

5 .  Manage  recreation  and  public 
access 

6.  Increase  communication, 
interaction  and  training  among 
partners 


•  Ad  Platt,  Buddy  Minter,  and  Arden  Shropshire  of  Champion  joined  Stephanie 
Davis  on  a  tour  of  the  watersheds  within  the  “connector  parcel”  on  February  3, 
looking  for  candidate  streams  to  serve  as  possible  benchmarks  for  water  quality 
assessment  studies. 

•  Early  planning  beginning  for  a  possible  cooperative  bum  of  (potential)  flatwoods 
salamander  habitat  later  this  summer. 

•  Discussions  continued  on  formally  establishing  an  agreement  for  the  Florida  Trails 
segment  passing  through  the  Champion  “connector  parcel”. 


Increase  inventory  and 
monitoring  to  further  adaptive 
management 


8.  Increase  public  education  and 
stakeholder  involvement 


9.  Share  resources 

10.  Secure  outside  funding  and 
support 


1 1 .  Inventory  and  control  exotic 
species 


THE  NATURE  CONSERVANCY 
Stephanie  Davis 
Aquatic  Specialist 

❖  Aquatic  site  visit  with  Champion  International  staff 

❖  Aquatic  site  visit  to  Conecuh  National  Forest  with  Alabama  Natural  Heritage  Staff, 
National  Forest  in  AL  Aquatic  Ecologist  and  TNC  Protection 

❖  Restoration  pre-monitoring  pictures,  bio-monitoring  and  habitat  assessment  at  Mare 
Creek  with  staff  from  the  Blackwater  River  State  Forest  and  FL  Department  of 
Environmental  Protection 


12.  Protect  aquatic  resources 

13.  Increase  understanding  of 
successful  economic 
management  of  longleaf  pine 

14.  Restore  and  manage  the  longleaf 
pine  ecosystem 


❖  Co-wrote  and  designed  booklet  and  poster  A  Guide  to  Understanding  and  Protecting 
the  Blackwater  River  Watershed 

❖  Monitoring  training  with  TNC’s  Florida  State  Ecologist 

♦♦♦  Working  on  regional  monitoring  plan  with  Eglin  AFB  and  US  Fish  &  Wildlife  Service 

❖  Sampled  insects  on  Eglin  AFB  with  FL  A&M  University  biologists 


15.  Recover  the  red-cockaded 
woodpecker 


Participated  in  TNC  Freshwater  Initiative  planning  retreat,  SE  Division  staff  retreat  and 
International  Science  and  Stewardship  conference 


16.  Game  management 


17.  Conservation  of  examples  of 
functional  community  types 


Met  with  national  Freshwater  Initiative  staff,  to  discuss  aquatic  classification  with  U.S. 
Fish  &  Wildlife  Service  staff  and  FL  Fish  &  Wildlife  Conservation  Commission  staff 

Spoke  to  NW  FL  Canoe  Club  about  deadhead  logging 
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GCPEP 


March 
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Conservation  Value  of  GCPEP 


❖  Discussion  &  literature  searches  on  deadhead  logging 


>  Despite  being  only  2%  of  the  42 
million  acre  East  Gulf  Coastal  Plain 
Ecoregion  area,  lands  and  waters 
included  in  the  840,000  acre  Gulf 
Coastal  Plain  Ecosystem  Partnership 
feature  viable  examples  of  37%  on 
308  target  species  and  38%  on  297 
target  natural  communities  identified 
for  the  ecoregion  as  a  whole 

>  Protects  >163  rare  or  imperiled 
plant,  lichen,  vertebrate  and 
invertebrate  species,  including  at 
least  40  G1-G2  species 


❖  Preparing  slide  show  and  accompanying  text  on  non-point  source  pollution  and 
deadhead  logging 

❖  Apalachicola  River  and  Bay  duties 

Vernon  Compton 
Project  Director 

+  Attended  two  Deadhead  Logging  Technical  Advisory  Committee  Meetings  to  finalize 
on  recommendations  on  the  environmental  feasibility  of  removing  pre-cut  timbers  from 
Florida  rivers  and  creeks. 

❖  Met  with  Student  Conservation  Association  Eastern  Program  Development  Director  to 
discuss  possible  GCPEP  projects. 


>  Encompasses  20-25%  of  the  world’s 
remaining  large  tracts  of  longleaf 
pine,  including  the  largest  public 
ownership’s  and  more  than  50%  of 
the  remaining  old  growth  stands 


+  Met  with  Rob  Sutter,  TNC  SE  Division  Conservation  Ecologist  on  upcoming  Eglin  AFB 
Desired  Future  Condition  Workshop. 

♦  Completed  Job  Description  for  GCPEP  Project  Conservation  Ecologist  and  began 
candidate  search. 


Features  the  highest  quality  barrier 
jsland  complex  on  Florida’s  Gulf 
oast 


+  Completed  Final  Report  on  Solutia  /  DEP  In-Kind  Penalty  Payment.  A  Guide  to 
Understanding  and  Protecting  the  Blackwater  River  Watershed  was  also  a  final 
product  of  this  effort  and  was  designed  for  community  leaders  and  local  politicians. 


>  The  Choctawhatchee,  Escambia- 
Conecuh  and  Yellow  River 
watersheds  and  estuaries  were 
identified  as  critical  U.  S>  watershed 
hotspots  (The  Nature  Conservancy 
1998)  including  at  least  59  globally 
rare  or  imperiled  species,  and  the 
Escambia  River  contains  the  richest 
and  most  imperiled  fish  assemblage 
in  Florida 

>  Includes  >800,000  acres  of  public 
land,  including  Eglin  AFB  (463K 
ac),  Blackwater  River  State  Forest 
(19 IK  ac),  Northwest  Florida  Water 
Management  District  (98K  ac)  and 
Conecuh  National  Forest  (83K) 


+  Met  with  Longleaf  Alliance  on  possible  cooperative  fuel  classification  system  project. 

+  Finalized  and  met  with  TNC  Florida  Regional  Staff  on  FY  2001  GCPEP  budget  and 
future  budget  needs. 

+  Hosted  and  Managed  the  American  Hiking  Society  Volunteer  Vacation  at  Eglin  AFB. 
Crew  completed  7  miles  of  trail  construction  and  offered  to  assist  in  the  future  with 
GCPEP  trail  bridge  needs. 

+  Met  with  Conecuh  National  Forest  and  Alabama  Natural  Heritage  Program  staff  on  a 
proposal  for  a  five  year  biological  monitoring  program  led  by  the  ANHP  with  assistance 

Perrin  Penniman 
Project  Administrator 

96  Met  with  TNC  Florida  Regional  Staff  on  FY  200 1  GCPEP  budget  &  future  needs 


96  Distributing  A  Guide  to  Understanding  and  Protecting  the  Blackwater  River  Watershed 
to  community  leaders  and  local  politicians 


Submitted  pre-proposal  for  FY  2001  Legacy  grant 

Preparing  Final  report  for  Solutia,  Turner,  Ft.  Detrick,  MD  and  Legacy 

GCPEP  Quarterly  News 


96  GCPEP  Public  Relations  Departments 
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JOB  DESCRIPTION 


TITLE:  Project  Conservation  Ecologist 

SUPERVISOR:  Gulf  Coastal  Plain  Ecosystem  Partnership  Proj  ect  Director 

LOCATION:  Jay,  Florida 

PREPARERS :  Vernon  Compton,  Doria  Gordon,  Rob  Sutter 

DATE:  February  17, 2000 

DURATION:  One  Year  (contingent  upon  funding) 

SUMMARY  OF  POSITION: 

The  Conservation  Ecologist  will  work  for  the  Gulf  Coastal  Plain  Ecosystem  Partnership 
(GCPEP),  a  unique  collaboration  among  Eglin  Air  Force  Base  (EAFB),  The  Nature  Conservancy 
(TNC),  Champion  International  Corporation,  Blackwater  River  State  Forest,  the  Northwest 
Florida  Water  Management  District  and  National  Forests  in  Alabama  and  Florida.  Together  the 
partners  manage  more  than  840,000  acres  of  longleaf  pine  uplands  and  extensive  bottomlands 
and  streams  in  one  of  the  most  important  conservation  landscapes  in  the  Southeast.  The 
Conservation  Ecologist  will  be  responsible  for  synthesizing  ecological  information,  conservation 
planning,  establishing  a  monitoring  program  for  the  GCPEP  conservation  targets  and  for 
assisting  in  a  Desired  Future  Condition  workshop  at  EAFB  and  other  workshops  as  scheduled. 

DUTIES: 

1 .  Synthesize  ecological  and  conservation  planning  information  for  identified  conservation 
targets  at  EAFB.  Work  with  the  TNC  Southeast  Division  Conservation  Ecologist,  EAFB 
GIS  and  operational  staff  and  other  TNC  staff  to  prepare  background  materials  for  an 
EAFB  Desired  Future  Condition  Workshop. 

2.  Take  lead  role  in  organizing  EAFB  Desired  Future  Condition  Workshop  and  assist  with 
workshop  facilitation.  Assist  with  organization  of  other  workshops  as  scheduled. 

3 .  Develop  report  on  EAFB  Desired  Future  Condition  Workshop  and  work  with  Dr.  Garry 
Peterson  on  completion  of  a  landscape  disturbance  model  for  partner  sites. 

4.  Work  with  GCPEP  partners  on  conservation  planning  and  development  of  site 
conservation  plans  for  EAFB  and  other  partner  sites. 

5.  Write  the  ecological  portions  of  GCPEP  reports  and  other  communication  efforts  geared 
toward  specified  audiences. 

6.  Assist  the  GCPEP  staff  in  grant  development  and  fundraising  efforts. 

7.  Compile  new  scientific  and  management  information  at  the  species  and  community  level 
for  GCPEP  sites. 

8.  Develop  and  implement  monitoring  programs  for  identified  conservation  targets. 

9.  Assist  with  other  activities  as  requested  by  the  Project  Director. 


GCPEP  Conservation  Targets 


Species-Level  Targets 

Okaloosa  darter 
Florida  bog  frog 
Gulf  sturgeon 
Red-cockaded  woodpecker 
Black  bear 

Flatwoods  salamander 
Aquatic  fish/mussel  complex 
Game  birds 


Commimitv/Ecosystem-Level  Targets 

Pitcher  plant  bogs 
Barrier  island  complex 
Estuarine  systems 
Ephemeral  ponds 
Sand  pine  scrub 
Longleaf  pine  sandhill  matrix 
Longleaf  pine  flatwoods  matrix 
Seepage  stream/slope  complex 
Blackwater  rivers/streams 
Alluvial  rivers/streams 


Site:  Eglin  AFB  (east  and  west),  Blackwater  River  State  Forest,  Conecuh  National 
Forest,  Champion  International,  Northwest  Florida  Water  Management  District 

Name  of  Target:  Pitcher  plant  bog 

Description:  Panhandle  Florida  and  the  adjacent  lower  Gulf  Coastal  Plain  of  Alabama  and  Mississippi 
contains  some  of  the  best  remaining  examples  of  pitcher  plant  bogs  in  the  United  States.  These  bogs 
contain  many  rare,  endangered  and  endemic  species.  Folkerts  (1982)  estimates  that  nearly  97%  of  the 
original  bog  habitat  has  been  destroyed  throughout  the  Gulf  Coastal  Plain.  Although  wet  most  of  the  time, 
bogs  may  dry  out  during  drought  periods.  In  order  to  survive  these  drastic  soil  moisture  changes,  plants 
and  animals  must  have  specific  adaptations.  Bog  plants  must  also  be  able  to  tolerate  low  pH  and  nutrient 
conditions.  Pitcher  plant  bogs  are  found  on  Blackwater  River  State  Forest,  Champion  International, 
Conecuh  National  Forest,  Northwest  Florida  Water  Management  District,  and  Eglin  Air  Force  Base.  The 
main  threats  to  pitcher  plant  bogs  are  hardwood  encroachment  caused  by  incompatible  fire  rotations  or  fire 
exclusion,  habitat  disturbance  from  equipment,  and  conversion  of  bogs  to  other  land  uses. 


Stresses:  Pitcher  plant  bogs 


Stress 

Stress  Rank 

Habitat  destruction 

M 

Hardwood  encroachment 

VH 

Soil  disturbance 

H 

Altered  hydrology 

M 

Sources  of  Stress:  Pitcher  plant  bogs 


Source  of  Stress 

Stresses 

Habitat  destruction 

Hardwood 

encroachment 

Soil 

disturbance 

Altered 

Hydrology 

Overall 

Threat 

Rank 

Incompatible  fire  management 

H 

H 

H 

Site  conversion 

H 

H 

H 

H 

Vehicle/equipment  impacts 

M 

L-M 

M 

Incompatible  well  field  management 

H? 

H? 

H? 

Exotic  species 

L-M? 

L-M? 

Recreation 

L-M? 

L-M? 

L-M? 

Illegal  harvesting 

L 

L 

Site:  Eglin  Air  Force  Base 

Name  of  Target:  Okaloosa  darter 

Description:  Okaloosa  darters  were  listed  as  federally  endangered  in  1973  under  the  Endangered  Species 
Act.  This  darter  is  endemic  to  the  Choctawhatchee  Bay  system  (Okaloosa  and  Walton  Counties,  Florida) 
and  the  majority  of  its  known  range  is  within  the  borders  of  Eglin  Air  Force  Base.  The  Okaloosa  darter 
was  originally  listed  due  to  its  extremely  limited  range,  and  problems  associated  with  water  impoundments, 
sedimentation,  and  competition  with  brown  darters.  Okaloosa  darters  are  typically  found  along  the  margins 
of  small  creeks  fed  by  groundwater  seeping  from  surrounding  sandhills.  They  tend  to  avoid  areas  of  low 
flow  and  open  sand  stretches  with  no  cover.  Woody  debris,  root  mats  and  vegetation  are  used  for  spawning 
substrate.  Where  streams  are  impounded  or  subjected  to  heavy  sedimentation,  these  darters  have  decreased 
in  numbers  and  range.  Both  the  Okaloosa  darter  and  the  potentially  competitive  brown  darter  are  found  in 
the  Rocky  Bayou  system,  but  they  appear  to  have  reached  a  balance.  Since  the  listing  in  1973,  numbers 
have  decreased  in  several  stream  sections  (Swift  Creek  and  Mill  Creek),  but  populations  in  the  upper 
reaches  of  Boggy  and  Rocky  Bayou  stream  systems  appear  stable.  Eglin  Air  Force  Base  is  actively 
working  to  restore  clay  pits  and  roads  that  are  sources  of  sediment  to  darter  streams  and  to  modify  culverts 
which  have  resulted  in  stream  gradients  detrimental  to  Okaloosa  darters. 


Stresses:  Okaloosa  darters 


Stress 

Stress  Rank 

Sedimentation 

H 

Groundwater  depletion 

M-H? 

Habitat  degradation 

H-VH 

Resource  competition 

L-M? 

Flow  alteration 

H-VH 

Sources  of  Stress:  Okaloosa  darters 


Sources  of  Stress 

Stresses 

Overall 

Threat 

Rank 

Sedimentation 

Groundwater 

depletion 

Habitat 

degradation 

Resource 

competition 

Flow 

Alteration 

Incompatible  road 
management 

VH 

VH 

H 

VH 

Incompatible  well 
fields 

H? 

M? 

H? 

H? 

Brown  darter 

M? 

Impoundments 

H 

VH 

H 

Incompatible 

development 

M 

H? 

H 

M-H? 
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Ill  Willing  Street,  Milton,  Florida  32570-4973 
t|^(850)  983-5550  •  Toll  Free  (888)  550-4560 


City  of  Milton 


Office  of  the  City  Manager 

March  15,  2000 


Mr.  Vernon  Compton 
Project  Director 
The  Nature  Conservancy 
4025  Hwy.  178 
Jay,  FL  32565 

Dear  Vernon: 

Thank  you  for  providing  me  a  copy  of  “A  Guide  to  Understanding  &  Protecting  the 
Blackwater  River  Watershed.” 

I  enjoyed  readingthe  booklet,  and  compliment  those  who  worked  on  the  project.  It  was 
very  well  done,  and  contains  good  information.  I  know  we  will  be  able  to  use  it  as  a  valuable 

resource. 

The  City  of  Milton  is  proud  to  partner  with  others  in  efforts  to  protect  the  Blackwater 

River. 


I  look  forward  to  working  with  you. 


Sincerely, 


Donna  S.  Adams 
City  Manager 


DSAilav 


C:\My  Files  Lori\citymanagermemos\ComptonltrMar2000.doc 


P.O.  Box  909  •  260  Dixon  Street  •  Milton,  Florida  32572  •  (850)  983-5400  •  Fax  (850)  983-5415 

-  Established  1844  ~ 


Office  of  the  Mayor 


City  of  Milton 

March  29,  2000 


Mr.  Vernon  Compton 
Project  Director 
The  Nature  Conservancy 
4025  Hwy  178 
Jay,  FL  32565 


Dear  Mr.  Compton: 


cjrfipt 


v 


Thank  you  for  sharing  with  me  the  guide  to  understanding  and  protecting  the 
Blackwater  River  water  shed. 


I  am  very  impressed  with  its  quality  and  information.  This  is  a  very  fine  piece  of 
work,  which  I  wish  all  citizens  could  see. 


I  certainly  agree  with  the  solutions  outlined  on  the  pages  you  mentioned.  Please,  be 
assured  that  I  am  in  total  support  of  efforts  to  assure  the  protection  of  our  river. 

The  City  has  worked  hard  through  its  storm  water  committee  to  make  a  difference 
and  we  understand  much  more  needs  to  be  done. 


Thank  you  for  your  interest  and  assistance. 

Sincerely, 


Guy  Thompson 
Mayor 


GT/rff 


P.O.Box  909  •  260  Dixon  Street  •  Milton,  Florida  32572  •  (850)983-5400  •  Fax  (850)  983-5415 

-  Established  1844  ~ 
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Mare  Creek 


Mare  Creek 


Mud  Hole  Near  Mare  Creek 


Mud  Hole  with 


Around 


STATE  OF  FLORIDA 

DEPARTMENT  OF  ENVIRONMENTAL  PROTECTION 


H  III  1  Oiv 

Submitting  agency  code:  soio 

SUBMITTING  AGENCY:  FDEP  NWD 

STORET  STATION  NUMBER: 

33030109 

DATE: 

2/9/00 

TIME: 

0930-1430 

RECEIVING  BODY  OF  WATER: 

Mare  Creek,  Blackwater  River, 
Pensacola  Bay 

REMARKS: 

BRSF/GCPEP  BioRecon.  Digital  photos 

COUNTY: 

Okaloosa 

LOCATION: 

Mare  Creek  ford  "East"  River  Road 
SW  section  26 

FIELD  NAME: 

GCPEPMareCfordpc. 

doc 

RIPARIAN  ZUNK/lNfrlK^Aivi  plaujivlj _ _ _ _ _ 

Dominant  Land-Use  in  Watershed  (specify  relative  percent  in  each  category): - - - — 

Forest/Natural 

Silviculture 

X 

Field/Pasture 

Agricultural 

Residential  Commercial 

Industrial  Other  (specify) 
hunting 

1 - 1  YY  _  _  fv/I 

H  Rrosion: 

- None:  □  Slight:  U _ Moderate^ - Hea^ 

r:::  wl  ^HUP^Pnli^ - N^d^O Slight:  □  Moderate  potential:  LI  udv.ous  sources,  ^ 

Width  of  riparian  vegetation  (m) 
on  least  buffered  side:0 

List  &  map  dominant  vegetation 
on  back  AWC  blackgum 
mt.laurel  sweetbay  redmaple 

Typical  Width  (m)/Depth  (m)/Velocity  (m/sec)  iranseci 

3.2  m  wide 

_ _ — - - - ► 

Artificially  Channelized  No  none 

Artificially  Impounded  No 

A 

0.2  m/s  |  0.3  m/s 

0.2  m/s  f 

High  Water  Mark 

1 

(m  above  present  water 

u 

(present  depth  in  m) 

2.1 

(m  above  bed) 

T  ▼ 

0.55  m  deep  0.55  m  deep  0.325  m  deep 

Canopy  Cover 
%: 

SEDIMENT 

Open:  □  L 

SUBSTRATE 

lightly  Shaded:  E 
(11-45% 

- .  r=\ - o  ~ 

3  Moderately  Shaded:  U  Heavl|y btiaaea:  u 

,)  (46-80%) 

i'  l  i  1  1  1  Anaerobic:  1  J  Olhci.  slight  1 

State  of  Florida 


Department  of  Environmental  Protection 

Freshwater  Benthic  Habitat  Assessment  Field  Data  Sheet  (form  version  9-1 8-98) 


SUBMITTING  AGENCY  CODE:  8010  STORET  STATION 

■u  IRMITTING  AGENCY  NAME:  FDEP  Northwest  District  NUMBER: 

DATE:  (m/d/y)  RECIEVING  BODY  OF  WATER: 

2/9/00  Mare  Creek  Blackwater  River  Pensacola  Bay 

RmARKS:  COUNTY:  LOCATION: 

^RSF/GCPEP  BioRecon  dirt  road  restoration  Okaloosa  Mare  Creek  ford  "East"  River  Road  SW  Section  26 

(bridge  to  span  stream/wetlands  to  replace  ford 

FIELD  ID/NAME: 

Marecrkflia.pc 

Habitat  Parameter 

Marginal 

Poor 

Substrate  Types 
&  Availability 

7 

Greater  than  30%  snags, 
logs,  tree  roots,  aquatic 
vegetation,  leaf  packs 
(partially  decayed), 
undercut  banks,  rock,  or 
other  stable  habitat. 

20  19  18  17  16 

16%  to  30%  snags,  logs, 
tree  roots,  aquatic 
vegetation,  leaf  packs, 
etc.  Adequate  habitat. 
Some  substrates  may  be 
new  fall  (fresh  leaves  or 
snags).  15  14  13  12  11 

5%  to  15%  snags,  logs, 
tree  roots,  aquatic 
vegetation,  leaf  packs, 
etc.  Less  than  desirable 
habitat,  frequently 
disturbed  or  removed. 

109  876 

7% 

Less  than  5%  snags, 
logs,  tree  roots,  aquatic 
vegetation,  leaf  packs, 
etc.  Lack  of  habitat  is 
obvious,  substrates 
unstable  or  smothered. 
543210 

Water  Velocity 

20 

Max.  observed  at  typical 
transect:  >  0.25  m/sec.  but 
<  1  m/sec. 

20  19  18  17  16 

0.3 

Max.  observed  at  typical 
transect:  >  0.1  to  0.25 
m/sec. 

15  14  13  12  11 

Max.  observed  at  typical 
transect:  0.1  to  0.5  m/sec. 

1098  7  6 

Max.  observed  at  typical 
transect:  <  0.05  m/sec., 
or  spate  occuring;  >  1 
m/sec.  5  4  3  2  1  0 

Artificial 

Channelization 

20 

No  artificial 
channelization  or 
dredging.  Stream  with 
normal,  sinuous  pattern. 

20  19  18  17  16 

May  have  been 
channelized  in  the  past 
(>20  yrs),  but  mostly 
recovered,  fairly  good 
sinuous  pattern. 

15  14  13  12  11 

Channelized  somewhat 
recovered,  but  >  80%  of 
area  affected. 

10  9  8  76 

Artificially  channelized, 
box-cut  banks,  straight, 
instream  habitat  highly 
altered. 

543210 

Habitat 

^  Smothering 

W  4 

Less  than  20%  of  habitats 
affected  by  sand  or  silt 
accumulation. 

20  19  18  17  16 

20%  -  50%  of  habitats 
affected  by  sand  or  silts 
accumulation. 

15  14  13  12  11 

Smothering  of  50%  -  80% 
of  habitats  with  sand  or 
silt,  pools  shallow, 
frequent  sediment 
movement 

109  876 

Smothering  of  >  80%  of 
habitats  with  sand  or  silt, 
a  severe  problem,  pools 
absent. 

5  4  3  2  1  0  83% 

Bank  Stability 

9 

Stable.  No  evidence  of 
erosion  or  bank  failure. 
Little  potential  for  future 
problems. 

20  19  18  17  16 

Moderately  stable. 
Infrequent  or  small  areas 
of  erosion,  mostly  healed 
over. 

15  14  13  12  11 

Moderately  unstable. 
Moderate  areas  of 
erosion,  high  erosion 
potential  during  floods. 
109876 

erosion  around  cut 

Unstable.  Many  (60%  - 
100%  raw,  eroded  areas. 
Obvious  bank  sloughing. 

543  2  1  0 
stumps 

Riparian  Buffer 
Zone  Width 

9 

Width  of  native 
vegetation  (least  buffered 
side)  greater  than  1 8m. 

20  19  18  17  16 

Width  of  native 
vegetation  (least  buffered 
side)  12m  to  18m. 

15  14  13  12  11 

Width  of  native 
vegetation  6  to  12m, 
human  activities  still 
close  to  system. 

1098  76 

recent  cut  stumps  on 
both  banks. 

Less  than  6m  of  native 
buffer  zone  due  to 
intensive  human 
activities. 

543210 

clearcut  to  0-6  meters 
in  10  meter  section 

Riparian  Zone 
Vegetation  Quality 
18 

Over  80%  of  riparian 
surfaes  consist  of  native 
plants,,  including  trees, 
understory  shrubs,  or  non- 
woody  macrophytes. 
Normal,  expected  plant 
community  for  given 
sunlight  &  habitat 
conditions.middle  aged 
AWC,  mtlaurel,  cutover 
20  19  18  17  16 

50%  to  80%  of  riparian 
zone  is  vegetated,  and/or 
one  class  of  plants 
normally  expected  for  the 
sunlight  &  habitat 
conditions  is  not 
represented.  Some 
disruption  in  community 
evident. 

15  14  13  12  11 

25%  to  50%  of  riparian 
zone  is  vegetated,  and/or 
one  or  two  expected 
classes  of  plants  are  not 
represented.  Patches  of 
bare  soil  or  closely 
cropped  vegetation, 
disruption  obvious. 

109876 

Less  than  25%  of 
streambank  surfaces  are 
vegetated  and/or  poor 
plant  community  (e.g. 
grass  monoculture  or 
exotics)  present, 
vegetation  removed  to 
stubble  height  of  2 
inches  or  less. 

543210 

W  87  TOTAL  SCOl 

62  %  SIMILAR! 

IE 

TY  TO  REFERENCE  SCORE  (65%  biometric  threshold) 

Comments  Selected  large  trees  logged  from  both 
banks.  Cleared  to  6  meters  of  both  banks.  0  buffer 
width  at  10  meter  section.  Excellent  potential  for 
recovery  if  wetlands  bridged  &  riparian  zone  not  cut. 

ANALYSIS  DATE:  ANALYST: 

2/9/00  Donald  Ray,  Stephanie  Davis,  Clarence  Morgan 

SIGNATURE: 

State  of  Florida  Dept,  of  Environmental  Protection 

BioRecon  Assessment  (form  version  11-19-98) _ _ _ _ _ 

CTARITT  Station  33030109 - -  1  Location  Mare  Creek  below  ford  "East"  River  Road  SW  corner  Section  26 

1  Htiti.de-  N30  °  54  *  14.7  »  Longitude:  W86  °  42  ’59.1  Watershed  /  Basin  Mare  Creek,  Blaclovater  River  /Pensacola  - 

roHee ,ed  02/09/00  1000  1400  1  Collected  &  ID’ed  By  Dca.d  Ray,  Stephanie  Davis  Carence  Morgan 

in  4  cwsfiK  I  Woody  debris,  undercut  banks/roots.  &  leaf  packs  were  the  3  types  of  habitats  sampled;  |  4  hours  pick.ng  &  IDtime_ 

— - - -  ♦»  Rare  (1-3),  Common  (4-10),  Abundant  (11-100),  Dominant  (>100).  _ _ _ _ — 

I - Taia - m  I™’ If?"  I  T^a  I*  I  ST  ^  Fl  *  o 


Oaky  Nows/DEVON  RAVINE 

Isolated  by  the  Eglin  Air  Force  Base  reservation,  Santa  Rosa  County’s  Escribano  Point  Is  home  to  a  diverse  collection  of  high-quality  wetlands,  oak 
hammocks,  scrubby  pine  flatwoods  and  sea  grass  beds.  A  Louisiana  developer  is  seeking  an  easement  from  Eglin  to  access  the  property  and  develop 
approximately  940  acres  on  the  point. 


Escribano  Point  is  largely  untouched  by  development,  but  that  may  change 


By  DU  WAYNE  ESCOBEDO 

Daily  News  Staff  Writer 

ESCRIBANO  POINT  —  A  stand  of  gangly,  moss-draped, 
oak  trees  with  trunks  too  massive  to  hug  runs  along  the 
coastline,  framing  the  clear,  calm  waters  of  East  Bay. 

Further  inland,  scrubby  pine  flatwoods  and  impenetrable 
marshy  prairies  harbor  sanctuaries  of  rare  plants. 

Like  a  butter  knife  teetering  over  the  water’s  edge, 
Escribano  Point  stands  out  in  this  scene  of  natural  beauty. 

One  of  the  last  undisturbed  tracts  of  private  waterfront  property 
in  Northwest  Florida,  the  land  surrounding  the  point  remains 
largely  inaccessible  because  it  backs  up  to  the  Eglin  Air  Force  Base 
reservaUon. 

By  this  summer,  however,  it  could  be  carved  into  an  upscale 
development  complete  with  a  golf  course,  marina  and  large  homes. 

The  decision  to  develop  or  preserve  will  be  made  by  then, 
according  to  Porter  Horgan,  who  owns  more  than  1,000  acres  of  the 
6,9 14 -acre  parcel  adjacent  to  the  point. 

The  owner  of  Hammond,  La. -based  Amerivest  Mortgage 
Services  Inc.,  Horgan  began  lobbying  local  government  and  mili¬ 
tary  authorities  six  months  ago  to  bring  running  water,  power,  tele¬ 
phone  lines,  a  paved  road  and  other  basics  to  the  remote  area  locat¬ 
ed  about  seven  miles  west  of  State  Hoad  87. 

“It’s  one  of  the  most  beautiful  properties  I’ve  ever  owned  and 

Please  see  POINT/A4 


Daily  News/D€VON  RAVINE  ' 


A  dog  drinks  from  the  East  Bay  near  the  only  permanent  settlement  on  Escribano  Point.  A  handful 
of  residents  live  on  the  point  without  the  benefit  of  electricity,  telephone  or  sewer  service. 


Home  is  where  he  squats,  and  he’s  not  inclined  to  stand  up 


Daily  News/DEVON  RAVINE 


Horace  Smith  (left)  and  his  brother-in-law 
Jerry  Spence  sit  in  front  of  Smith’s  home  on 
East  Bay,  a  little  north  of  Escribano  Point. 


By  DU  WAYNE  ESCOBEDO 

Daily  News  Stall  Writer 

ESCRIBANO  POINT  —  Horace 
Smith’s  small  television  relies  on 
power  from  two  car  batteries  and 
rabbit-ear  antennas  for  reception 
that  rivals  cable. 

The  kitchen  stove,  which  he  uses 
to  cook  up  cans  of  Hormel  chili, 
runs  off  a  propane  tank.  He  pumps 
water  by  hand  to  wash  the  dishes 
stacked  in  a  kitchen  sink  on  a  dilapi¬ 
dated  counter  on  his  back  porch. 

Heat  comes  from  a  wood  stove 
fueled  by  logs  lining  one  wall  of  his 
bedroom  on  Blackwater  Bay.  Four 


kerosene  lamps  and  candles  light 
up  his  place  at  nighttime. 

The  70-year-old  squatter  has 
hung  his  hat  here  for  about  40  years 
and  doesn't  intend  to  leave  anytime 
soon. 

“It’s  sold  two  or  three  times  and 
I'm  still  here,"  he  said,  resting 
under  a  giant  oak  tree  near  the 
white  sandy  beach  in  front  of  the 
rustic  two-story  house  he  built.  ‘‘I 
want  just  what  I  got.  I  go  to  bed 
wrhen  I  want  to,  get  up  when  I  want 
to.  I’m  not  used  to  any  of  that  mod¬ 
em  stuff.  I  don't  want  that." 


Please  see  HOME/A4 


Dally  News/KEN  MAINES 


PACE  A4 


Dafy  News  SUNDAY  JANUARY  23.  2000 


POINT 


one  of  the  most  beautiful  I’Ve  ever 
been  to,"  said  Horgan,  whose  com¬ 
pany  bought  iriuch  of  the  land, 
which  includes  three  miles  of  coast¬ 
line  north  of  Escribano  Point*  for 
$500,000  in  1997.  “It’d  be  just  gor¬ 
geous  for  home  sites.  Personally  I’d 
like  to  see  it  left  in  its  natural  state 
as  a  park.  But  I  cannot  afford  to 
donate  an  acre.  One  way  or  another, 
it’s  all  going  to  happen  this  year." 

From  time  to  time  during  the 
20th  century,  efforts  have  been 
made  to  attract  more  residents  to 
Escribano  Point  A  few  houses  have 
even  gone  up. 

Escribana  Shores,  a  20-lot,  100- 
acre  subdivision,  was  platted  adja¬ 
cent  to  the  U.S.  Naitys  airstrip, 
Choctaw  Field,  in  1977,  but  .never 
built 

Individuals  on  Blackwater  Bay 
own  a  handful  of  lots,  accessible  by 
one  day  road  maintained  by  Santa 
Rosa  County.  Just  four  rustic,  two- 
ktory  homes  and  a  travel  trailer 
Lake  tf>  the  neighborhood  now, 
fend  only  70-year-old  squatter 
Horace  Smith  is  a  year-round  resi¬ 
dent 

Richard  Hilsenbeck  has  seen  the 


property  firsthand  and  is  working 
for  the  Nature  Conservancy  in 
Florida  to  keep  much  of  the  land 
around  Escribano  Point  untouched 
by  bulldozers. 

“There’s  an  urgency  here  to  pre¬ 
serve  it,"  HUsenbeck,  the  group’s 
associate  director  of  protection  said 
from  Tallahassee.  "The  area  is  so 
scenic  and  has  a  beautiful  coastline, 
which  unfortunately  makes  it 
attractive  to  development  But  the 
best  use  for  the  citizens  of  Florida 
would  be  as  a  recreation  area." 

The  Florida  Department  of 
Environmental  Protection  first  put 
the  site  on  its  priority  fist  to  pur¬ 
chase  for  preservation  in  1994  but 
the  agency  has  run  into  resistance 
from  large  landowners,  who  report¬ 
edly  ding  to  dreams  of  the  millions 
development  could  bring. 

The  state  currently  ranks  it  28th 
on  its  list  of  projects  statewide. 
DEP  estimates  the  assessed  value 
of  the  entire  area  —  which  indudes 
a  bulk  of  wet  prairie  with  rare 
Panhandle  lilies,  White^op  pitcher- 
plants,  Chapman’s  butterworts  and 
other  plants  —  at  nearly  $2.9  mil¬ 
lion. 

Beginning  in  July,  Gov.  Jeb 
Bush’s  Florida’  Forever  initiative 
will  commit  $300  million  for  the  next 
10  years  for  acquisition  and  restora¬ 
tion  of  environmentally  sensitive 


lands.  ■  Eric  White,  another  doctor  from  Road’s  easement  Point  area. 

Because  of  its  isolation,  the  Cape  Coral,  controls  more  than  625  Among  the  restrictions  were:  Indians  are  thought  to  hav 

extensive  permitting  required  to  acres,  which  indudes  a  large  trad  *  Notifying  future  buyers  it  would  inhabited  the  area  as  much  as  50 
build,  the  high  cost  to  furnish  utifi-  south  of  Escribano  Point,  running  be  a  high-noise,  high-accident  years  before  the  Spanish  survey* 
ties  and  Eglin’s  desire  to  protect  Its  along  East  Bay.  potential  area.  East  Bay  In  1693.  Archaeologist 

mission  from  buildup  around  Us  >  Dale  Rice  Sr,  a  Crestview  attor-  ■  Requiring  the  county  to  change  have  discovered  a  rich  Nativ 

reservation,  snapping  up  the  area  ney,  holds  more  than  320  acres  in  its  building  code  to  require  meas-  American  history  around  the  poin 

for  conservation  has  been  a  low  pri-  the  area.  ures  lowering  noise  on  the  proper-  with  a  dozen  prehistoric !  burii 

ority  so  far.  Santa  Rosa  County  ties  west  of  Choctaw  Field.  mounds  located. 

In  1996,  the  state  paid  $850,000  Administrator  Hunter  Walker  and  ■  Limiting  density  to  one  home  per  The  remnants  erf  a  British  cole 
for  208  acres  just  north  of  Amerivest  representatives  met  last  acre  on  all  Escribano  Point  lands.  nial  home  built  between  1763  an 

Escribano  Point  near  the  mouth  of  summer  with  Egiin  officials  to  seek  Horgan,  the  Louisiana  develop-  1783  have  also  been  found, 

the  Yellow  River.  expanded  right  of  way  to  help  bring  er,  is  optimistic  about  development  Horace  Smith,  who  first  settle 

Until  now,  logging,  which  has  left  utilities  to  Choctaw  Field  Road  plans.  He  estimates  that  in  today's  in  the  area  40  years  ago  and  lives  b 
several  large  dear-cut  patches  dot-  more  easify  and  to  gauge  the  mili-  market  Amerivest’s  three-plus  a  two-story  camp  he  built,  said  h 

ting  the  area,  has  been  the  biggest  tar/s  support  for  development  miles  of  coastline  could  yield  an  has  no  need  for  running  watet 

threat  to  the  environment  “We  don’t  mind  developing  as  estimated  $15  million  in  sales.  power,  light  or  neighbors,  though  h 

"That’*  one  of  the  last  ttndevel-  long  as  it  doesn’t  damage  the  mili-  "We’re  not  going  full  speed  doesn’t  mind  visitors.  He  gets  by  oi 
oped,  unharmed  areas  in  that  part  tary’s  mission,"  Walker  said.  "I  am  ahead  yet  on  this,"  he  said.  “But  kerosene  lamps,  a  stove  that  hook 

of  the  world,"  said  Bill  Cleckiey,  the  somewhat  sympathetic  to  Mr.  people  we’ve  contacted  have  been  up  to  propane  lank,  and  a  we! 

Northwest  Florida  Water  Horgan.  If  he  cannot  use  it,  then  the  extremely  cooperative.  We  do  have  with  a  hand  pump. 

Management  District’s  director  of  (government)  needs  to  buy  it  from  constraints.  But  developers  have  "To  me  it’s  peaceful,"  he  said.  “ 

land  management  and  acquisition,  him."  shown  interest  It  is  the  largest  pri-  don’t  even  like  to  go  to  the  store. 

“Its  greatest  protection  has  been  Its  Egiin  officials  have  deferred  a  vatefy  owned  waterfront  accessible  just  sit  down  here  and  listen  to  th< 
isolation.  But  we  realize  there’s  final  decision  until  the  base  finishes  place  west  of  Destin."  owls  howl  all  night" 

very  little  waterfront  left  and  if  updating  its  Gulf  Range  2025  .  The  last  reported  community  on  Bill  Elliott,  a  Pensacola  roofei 

someone  has  the  dollars  It  could  he  Strategic  Plan.  The  plan  outlines  its  Escribano  Point  was  a  band  of  41  who  visits  Smith  from  time  to  time 
subject  to  development  pressures."  needs  for  Choctaw  Field.  The  Navy  Indians  recorded  in  1937  by  hopes  Escribano  Point  stays  a  “n< 
Besides  Amerivest  three  others  is  also  working  on  an  environmen-  American  Indian  Agent  Archibald  man’s, land." 
control  a  bulk  of  the  pristine  area  tal  assessment  of  the  field.  Smith.  Known  as  Blackwater  “Ain’t  no  place  you  can  go  any 

and  its  sandy  white  coastline:  In  a  Sept  7, 1999,  letter  to  Santa  Indians,  they  took  fish  and  oysters  more  to  gel  away  from  all  the  peo- 

■  Ashton  Graybiel  Jn,  a  Pensacola  Rosa  County,  Robert  Arnold,  to  Pensacola  markets.  The  small  pie,"  said  Elliott  as  he  sat  with 
doctor;  has  more  than  650  seres,  Eglin’s  Encroachment  Committee  community  included  two  very  old  Smith  underAn  oaktree.wjth  s  21- 
inchiding  land  on  the  coast  south  of  chairman,  fisted  seven  conditions  Spaniards,  possibly  Louis  Maestro  foot  round  trunk.  "This  is  a  place 
Fundy  Bayou,  which  encompasses  for  development  should  the  base  and  Antonio  Garda,  who  were  the  you  come  when  you  want  to  get 
Escribano  Point.  approve  expanding  Choctaw  Field  first  landowners  in  the  Escribano  away  from  it  all  ” 
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Background 

Natural  woody  debris  is  an  important  component  of  healthy  river  systems,  providing  critical 
habitat  for  fish  and  invertebrate  communities,  as  well  as  bank  stability  and  flood  velocity 
attenuation.  A  Technical  Advisory  Committee  (TAC)  was  established  to  recommend  the 
environmental  feasibility  of  removing  pre-cut  timbers  (deadhead  logs  which  were  artificia  y 
introduced  into  Florida  streams  by  humans)  from  state-owned  submerged  lands.  This  group 
consisted  of  experts  in  stream  habitat  and  biological  communities,  hydrology,  and  Best 
Management  Practices  (BMPs).  After  three  meetings,  which  included  a  field  trip  to  observe  a 
deadhead  logging  operation,  the  TAC  concluded  that  some  deadhead  logs  may  be  removed 
with  minimal  environmental  damage  if  the  precautions  outlined  below  are  taken. 


Overall  Strategy 

Using  OPS  (aquatic  specialist)  environmental  inspectors  (paid  from  the  use  agreement  fee), 
FDEP  will  conduct  a  pre-recovery  assessment  of  each  permitted  river  reach,  accompanied  by 
the  deadhead  logger(s).  During  this  assessment,  habitat  availability,  bank  stability,  boat  ramp 
conditions  etc.,  will  be  documented.  The  deadhead  logger  will  be  trained  in  the  practical 
aspects  of  environmental  protection.  After  successfully  completing  training,  the  logger  will 
be  certified  as  a  “Master  Deadhead  Logger.”  Additional  training  will  be  offered  by  FDEP  as 

needed. 

During  the  pre-recovery  assessment,  areas  where  deadhead  recovery  is  specifically  restricted 
will  be  mapped  and  flagged  on  site.  At  least  one  trained  “Master  Deadhead  Logger”  will  be 
present  during  recovery  operations.  The  permittee  will  be  required  to  inform  the  FD 
inspectors  where  and  when  recovery  operations  will  occur  each  week  (facilitated  by  a  toll-free 
answering  machine  and  clearly  identified  FDEP  contacts).  To  determine  conformance  with 
the  restrictions  on  deadhead  logging  identified  during  the  pre-recovery  assessment,  periodic, 
random  inspections  of  the  recovery  operations  will  be  conducted  by  the  FDEP  inspectors. 


Pre-recovery  Assessment 

1.  Whenever  possible,  a  minimum  of  two  experts  on  the  aquatic  system  in  question 
should  accompany  the  FDEP  inspectors  and  deadhead  loggers  during  the  pre¬ 
recovery  assessment.  Experts  include  those  individuals  listed  in  Attachment  A.  Due 
to  scheduling  difficulties,  there  may  be  times  that  these  experts  may  not  be  available 
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to  accompany  the  FDEP  inspectors  on  the  pre-recovery  assessment,  although 
reasonable  steps  will  be  taken  to  include  them. 

2.  Habitat  availability,  bank  stability,  boat  ramp  conditions,  etc.,  will  be 
photographically  documented  at  each  permitted  reach.  GPS  coordinates  for  each 
photo  will  be  established  for  comparison  during  future  inspections. 

3.  Recovery  of  deadheads  will  be  prohibited  from  stream  reaches  where  woody  debris 
is  extremely  limited,  as  site-specifically  determined  during  the  pre-recovery 
assessment 

4.  No  disturbance  (pulling,  cutting,  etc.)  of  natural  snags  (woody  debris)  is  allowed 
during  any  aspect  of  deadhead  recovery. 

5.  The  presence  of  vegetated  bottoms  will  be  documented.  No  deadhead  recovery  is 
allowed  from  these  areas. 

6.  Deadhead  recovery  will  not  be  allowed  within  1 5  feet  perpendicular  to  vertical  banks 
where  Rosgen’s  Bank  Erosion  Potential  (BEP)  is  >20.  Deadhead  recovery  will  not 
be  allowed  within  25  feet  perpendicular  to  vertical  banks  where  Rosgen’s  BEP  is 
>30.  Recovery  will  not  be  permitted  if  the  pre-cut  log  is  embedded  in  the  stream 
bank,  regardless  of  the  BEP.  Restrictions  more  stringent  than  these  may  be  noted 
during  the  pre-recovery  assessment. 

7.  Recovery  will  not  be  allowed  from  areas  that  are  used  for  spawning  by  Gulf  sturgeon 
during  the  spawning  season  (March  1  through  May  31).  Areas  used  by  Gulf 

sturgeon  for  spawning  include: 

Apalachicola  River:  Jim  Woodruff  lock  to  I- 10  bridge 
Choctawhatchee  River:  Alabama  state  line  to  Highway  2  bridge 
Pea  River:  entire  length  within  Florida 
Suwannee  River:  Big  Shoals  to  I- 10  bridge 

8.  Consideration  of  risks  to  other  federal  and  state  endangered  and  threatened  species 
will  be  taken  into  account  during  the  pre-recovery  assessment.  Information  on 
endangered  fish  may  be  found  in:  Hoehn,  T.S.  1998.  Rare  and  imperiled  fish 
species  of  Florida:  A  watershed  perspective.  Office  of  Environmental  Services, 
Florida  Game  and  Freshwater  Fish  Commission,  Tallahassee.  Additional 
information  may  be  obtained  from  the  Florida  Natural  Areas  Inventory. 

9.  There  will  be  no  recovery  allowed  from  waters  adjacent  to  state  parks  or  state  forests 
or  from  any  river  sections  where  deadhead  logging  is  currently  prohibited.  However, 
the  Division  of  Forestry  may  grant  site-specific  approval  for  recovery  from  state 
forests. 

10.  If  woody  debris  is  scarce  in  a  stretch  of  river,  the  FDEP  inspector,  during  the  pre- 
recovery  assessment,  may  require  a  minimum  number  of  logs  that  must  remain, 
either  natural  or  pre-cut. 

11.  The  permittee  is  required  to  have  a  copy  of  the  map  showing  restrictions  present 
during  operations. 

12.  Areas  with  poor  habitat  and  bank  stability  will  be  documented  for  potential  future 
state-  or  federally-sponsored  restoration  activities. 
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Education  Components 

1.  No  recovery  or  disturbance  of  natural  woody  debris  is  allowed. 

2.  Logger  will  be  trained  in  practical  environmental  aspects  during  the  pre-recovery 
assessment. 

3.  Public  access  of  river  and  boat  ramps  will  be  maintained  during  deadhead 
operations. 

4.  Logs  will  be  pulled  and  floated,  no  dragging  on  bottom  allowed. 

5.  No  dredging  for  logs  will  be  allowed;  winching  is  approved.  ^ 

6.  Private  landing  for  off-loading  is  preferred,  and  this  location  must  be  communicated 

to  the  inspector.  _  , 

7  BMPs  must  be  used  to  minimize  erosion  during  off-loading,  and  restoration 

activities  will  occur  using  appropriate  native  materials,  if  needed. 

8.  If  additional  authorization  for  use  of  boat  ramps  is  needed  (certain  publicly  owned 
landings),  it  is  the  permittee’s  responsibility  to  secure  permission. 

9.  No  recovery  will  be  allowed  when  water  depths  are  insufficient  to  float  the 
recovered  timber.  In  shallow  waters  where  there  is  a  high  sediment  oxygen  demand, 
recovery  is  permitted  only  when  temperatures  are  sufficiently  low  and  water  levels 
are  adequate  to  prevent  low  dissolved  oxygen  levels  (less  than  5  mg/L)  from 

occurring.  . 

10  The  logger  shall  post  copies  of  the  permit  and  use  agreement  in  weather-resistant 

displays,  both  upstream  and  downstream  from  recovery  operations,  to  inform  the 
public  that  said  operation  is  authorized. 

11.  Additional  training  will  be  offered  by  FDEP ,  as  needed. 


Random  Inspections 

1 .  Each  operation  shall  receive  a  minimum  of  one  inspection  per  month. 

2.  During  the  pre-recovery  assessment,  logs  that  are  prohibited  from  recovery  may  be 
marked  with  a  “do  not  disturb”  brand  for  compliance  checking  at  the  off-loading 

3.  Off-loading  sites  will  be  randomly  inspected  for  presence  of  natural  woody  debris  or 

prohibited  logs.  ,  . 

4  Operators  failing  to  abide  by  the  above  restrictions  shall  have  their  use  agreement 
and  permit  revoked  and/or  be  fined,  depending  on  the  nature  or  severity  of  the 

offense. 
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Biodiversity  Conservation  at 
Multiple  Scales:  Functional  Sites, 
Landscapes,  and  Networks 

KAREN  A.  POIANI,  BRIAN  D.  RICHTER,  MARK  G.  ANDERSON,  AND  HOLLY  E.  RICHTER 


Approaches  to  conservation  and  natural  resource 

management  are  maturing  rapidly  in  response  to 
changing  perceptions  of  biodiversity  and  ecological 
systems.  In  past  decades,  biodiversity  was  viewed  largely  in 
terms  of  species  richness,  and  the  ecosystems  supporting 
these  species  were  seen  as  static  and  predictable  (Fiedler  et 
al.  1997).  Conservation  activities  were  often  aimed  at  hot¬ 
spots  rich  in  total  species  or  in  rare  species  (Noss  1987). 
Consequently,  relatively  small  nature  preserves  pro¬ 
liferated  through  the  1970s  and  1980s,  as  did  endangered 
species  management  and  recovery  plans  on  more  extensive 
public  lands. 

More  recently,  biodiversity  is  being  viewed  more  expan¬ 
sively,  to  include  genes,  species,  populations,  communities, 
ecosystems,  and  landscapes,  with  each  level  of  biological 
organization  exhibiting  characteristic  and  complex  com¬ 
position,  structure,  and  function  (Noss  1990).  As  a  result, 
current  recommendations  for  biodiversity  conservation 
focus  on  the  need  to  conserve  dynamic,  multiscale  ecolog¬ 
ical  patterns  and  processes  that  sustain  the  full  comple¬ 
ment  of  biota  and  their  supporting  natural  systems  (e.g., 
Aiigermeier  and  Karr  1994,  Turner  et  al.  1995,  Harris  et  al. 
1996,  Poff  et  al.  1997). 

Translating  expanding  perceptions  into  pragmatic 
guidelines  and  appropriate  action  is  a  challenge  for  con¬ 
servation  organizations  and  natural  resource  agencies.  In 
this  article,  we  describe  an  imperfect  but  practical  frame¬ 
work  that  can  help  practitioners  transition  from  biodiver¬ 
sity  conservation  based  on  rare  or  endangered  species  to 
conservation  based  on  ecosystem-  and  landscape-level 
concepts.  We  begin  by  providing  a  brief  overview  of  the 
scientific  concepts  from  which  the  framework  has  evolved. 
We  then  describe  a  convenient  way  to  categorize  ecosys¬ 
tems  and  species  based  on  spatial  pattern  and  scale.  Next, 
we  describe  three  types  of  “functional  conservation 
areas” — sites,  landscapes,  and  networks — defined  by  the 
scale  of  the  ecosystems  and  species  they  are  designed  to 
conserve.  We  then  present  a  suite  of  ecological  attributes 
that  can  be  used  to  evaluate  the  functionality  or  integrity 
of  a  conservation  area  at  any  scale.  Finally,  we  discuss  the 
challenges  of  implementing  these  ideas  in  applied  settings. 
We  illustrate  concepts  with  examples  and  a  case  study 
from  the  work  of  The  Nature  Conservancy  (TNC),  a  non¬ 
governmental  organization  dedicated  to  conserving  biodi¬ 


versity  throughout  the  United  States  and  in  selected  other 
countries  worldwide  (TNC  1996). 


The  science  of  conservation  biology 

The  science  of  conservation  biology  has  evolved  from  a 
crisis-oriented  discipline  focused  on  rare  or  endangered 
vertebrates  to  a  more  proactive  experimental  discipline 
focused  on  patterns  and  processes  at  multiple  scales.  Early 
on,  the  technique  of  population  viability  analysis  was 
developed  to  estimate  the  minimum  population  size  nec¬ 
essary  for  a  particular  rare  species  to  persist  over  time 
(Ruggiero  et  al.  1994).  Results  from  these  analyses  could 
rarely  be  validated,  and  the  analyses  themselves  were 
information,  time,  and  resource  intensive.  They  quickly 
illuminated  the  inefficiency  and  reductionism  inherent  in 
rare-  or  single-species  approaches  (Franklin  1993). 

Consequently,  the  single-species  approach  to  conserva¬ 
tion  quickly  broadened  to  encompass  groups  of  species 
and  certain  individual  species  (e.g.,  so-called  umbrella 
species,  whose  habitat  requirements  are  believed  to  loose¬ 
ly  encapsulate  an  array  of  additional  species;  Launer  and 
Murphy  1994).  For  instance,  protecting  mammals  with 
large  area  requirements  and  diverse  habitat  needs  may 
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protect  species  with  smaller  area  requirements  and  more 
specific  habitat  needs  (Berger  1997).  Species  guilds — 
groupings  of  species  based  on  specific  characteristics  (e.g., 
foraging  behavior) — is  another  multispecies  approach  to 
conservation  and  management  (Block  et  al.  1995). 

Species  guild  and  umbrella  species  approaches  were  a 
substantial  improvement  over  single-species  approaches, 
but  their  use  in  conservation  planning  still  had  significant 
limitations.  First,  at  the  site  scale,  populations  of  different 
species  typically  vary  and  fluctuate  in  complicated  ways 
(e.g.,  one  interior  forest  species  may  decline  while  another 
increases).  Second,  sites  conserved  and  managed  for  the 
needs  of  a  particular  species  or  even  a  small  group  of 
species  may  fail  to  conserve  other  critical  components  of 
the  ecosystem,  including  other  species  or  processes  that 
substantially  influence  the  species  of  concern  (Morrison 
1986,  Block  et  al.  1987,  Landres  et  al.  1988).  Considering 
that  vascular  plants  and  vertebrates  together  make  up  less 
than  10%  of  known  biodiversity,  any  particular  set  of 
species  is  an  extremely  small  fraction  of  the  biota  at  any  one 
place  (Franklin  1993).  Thus,  a  growing  appreciation  of  the 
enormous  complexity  and  dynamic  nature  of  ecological 
systems  led  to  the  concept  of  ecosystem  management, 
wherein  success  is  best  assured  by  conserving  and  manag¬ 
ing  the  ecosystem  as  a  whole  (Christensen  et  al.  1996). 

The  shift  in  focus  from  species  to  ecosystems  generated 
new  questions.  For  example,  how  are  ecosystems  defined 
and  delineated?  How  can  it  be  determined  whether  a  par¬ 
ticular  ecosystem  has  ecological  integrity  (i.e.,  the  ability 
to  maintain  component  species  and  processes  over  long 
time  frames)?  Ironically,  the  latter  question  prompted 
managers  to  again  assess  individual  species,  but  this  time 
as  indicators.  Indicator  species  are  those  used  to  index  or 
represent  environmental  conditions,  particularly  condi¬ 
tions  related  to  ecological  degradation  (Cairns  et  al.  1993). 


Figure  L  Biodiversity  at  various 
spatial  scales .  Levels  of  biological 
organization  include  ecosystems  and 
species .  Ecosystems  and  species  are 
defined  at  four  geographic  scales, 
including  local,  intermediate, 
coarse,  and  regional  The  general 
range  in  hectares  for  each  spatial 
scale  is  indicated  (left  of  pyramid), 
as  are  common  characteristics  of 
ecosystems  and  species  at  each  of  the 
spatial  scales  (right  of  pyramid). 

In  addition,  attempts  to  unify 
species-  and  ecosystem-level  con¬ 
cepts  in  biodiversity  conservation 
prompted  the  so-called  coarse  fil¬ 
ter-fine  filter  strategy.  This  strategy 
stresses  the  importance  of  conserv¬ 
ing  intact  examples  of  all  communi¬ 
ties  or  ecosystems  to  protect  the  vast 
majority  of  species.  Any  rare  or  specialized  species  that 
would  likely  go  unprotected  under  a  coarse-level  approach 
are  treated  individually  (i.e.,  the  fine  filter;  Noss  1987, 
Hunter  1991). 

New  ecosystem-oriented  paradigms  stress  that  natural 
systems  are  vastly  complex  assemblages  of  species  with 
elaborate  internal  and  external  ecological  processes  and 
interactions  that  help  maintain  the  entire  system  (Noss  et 
al.  1997).  Ecological  processes  include  decomposition, 
nitrogen  cycling,  pollination,  seed  dispersal,  energy  cap¬ 
ture,  food  webs,  insect  outbreaks,  disease,  herbivory,  and 
predation.  Some  species — including  top-level  carnivores 
(Paine  1974),  dominant  herbivores  (Naiman  1988),  and 
builders  such  as  beaver,  prairie  dog,  or  gopher  tortoise 
(Perry  1994) — may  be  disproportionately  important  in 
maintaining  these  critical  processes,  and  the  removal  of 
such  “keystone”  species  may  have  a  cascade  effect  on  oth¬ 
er  species  and  processes. 

Another  important  concept  that  has  emerged  in  conser¬ 
vation  biology  and  ecology  over  the  last  several  decades  is 
that  of  the  metapopulation — a  group  of  subpopulations 
linked  together  by  dispersal  of  individuals  and  gene  flow. 
Metapopulations  are  often  characterized  by  sources  and 
sinks.  Sources  consist  of  suitable  or  optimal  habitat  and 
generally  produce  excess  individuals,  and  sinks  are  com¬ 
posed  of  unsuitable  habitat,  in  which  population  size  can¬ 
not  be  maintained  without  immigration  from  source 
areas.  Pulliam  (1988)  demonstrated  that  as  little  as  10%  of 
a  population  may  be  located  in  source  habitats  and  still  be 
responsible  for  maintaining  90%  of  the  population  found 
in  sink  habitats. 

Biodiversity  and  spatial  scale 

Scientists  and  practitioners  have  long  recognized  that  bio¬ 
diversity  exists  at  many  levels  of  biological  organization, 
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from  genes  to  landscapes  (Noss  1990,  Angermeier  and 
Karr  1994).  In  this  article,  we  focus  on  two  levels  of  bio- 
logical  organization:  ecosystems  and  species  (we  assume 
that  focusing  efforts  at  these  levels  will  also  conserve 
genetic-  and  landscape-level  diversity).  We  define  ecosys¬ 
tems  as  dynamic  assemblages  or  complexes  of  plant 
and/or  animal  species  (including  vascular  and  nonvascu- 
lar  plants,  vertebrates,  invertebrates,  fungi,  and  microor¬ 
ganisms)  that  occur  together  on  the  landscape;  that  are 
linked  by  similar  ecological  processes  (e.g.,  fire,  hydrolo¬ 
gy),  underlying  environmental  features  (e.g.,  soils,  geolo¬ 
gy),  or  environmental  gradients  (e.g.,  elevation);  and  that 
form  a  cohesive  and  distinguishable  unit. 

Biodiversity  also  occurs  at  a  variety  of  spatial  or  geo¬ 
graphic  scales.  Our  framework  distinguishes  ecosystems 
and  species  at  four  geographic  scales:  local,  intermediate, 
coarse,  and  regional.  Species  in  the  framework  occur  at  all 
four  spatial  scales  (Figure  1).  Ecosystems  occur  at  three  of 
the  four  scales  and  are  described  in  relation  to  their  spatial 
patterning  (i.e.,  small-patch  ecosystems  at  the  local  scale, 
large-patch  ecosystems  at  the  intermediate  scale,  matrix 
ecosystems  at  the  coarse  scale;  Figure  1).  Specific  conser¬ 
vation  areas  generally  contain  ecosystems  and  species  at 
multiple  spatial  scales  that  nest  together  in  complex  con¬ 
figurations. 

Local  geographic  scale .  Both  small-patch  ecosystems 
and  local-scale  species  exist  at  a  local  geographic  scale  (i.e., 
meters  to  thousands  of  hectares).  Local-scale  species  are 
restricted  to  a  particular  habitat,  are  immobile  or  poor  dis¬ 
persers,  and  include  many  species  of  invertebrates  and 
plants.  For  example,  the  Bay  checkerspot  butterfly 
( Euphydryas  editha  bayensis)  is  a  relatively  poor  disperser 
that  is  restricted  to  serpentine  grasslands  in  California 
(Murphy  and  Weiss  1988).  Small-patch  ecosystems  tend  to 
be  relatively  discrete,  geomorphologically  defined,  and 
spatially  fixed;  they  often  occur  because  of  distinct  abiotic 
factors  (e.g.,  geologic  outcrops,  unique  soils,  or  hydrolog¬ 
ic  features,  such  as  seeps).  Local-scale  species  are  usually 
closely  connected  with  specific  small-patch  ecosystems. 
Typical  examples  of  small-patch  ecosystems  in  an  eastern 
deciduous  forest  landscape  include  calcareous  fens,  acidic 
bogs,  and  high-elevation  rocky  summits  (Anderson  et  al. 
1998).  Examples  in  the  western  United  States  include 
cienega  wetlands,  desert  spring  pools,  serpentine  grass¬ 
lands,  and  fern  grottos  supported  on  cliff  faces  by  ground- 
water  seeps. 

Intermediate  geographic  scale.  Both  large-patch 
ecosystems  and  intermediate-scale  species  exist  at  an 
intermediate  geographic  scale  (i.e.,  hundreds  to  tens  of 
thousands  of  hectares).  Large-patch  ecosystems  are  rela¬ 
tively  discrete,  defined  by  distinct  physical  factors  and 
environmental  regimes,  and  are  significantly  larger  than 
small-patch  ecosystems.  Some  large-patch  ecosystems— 
such  as  red  maple  swamps,  coastal  salt  marshes,  and  red¬ 


wood  forests— are  defined  by  relatively  stable  physical  fac¬ 
tors  and  tend  to  be  fairly  uniform  in  internal  composition 
and  structure.  Other  large-patch  types,  such  as  western 
riparian  ecosystems,  northeastern  pine  barrens,  prairie 
savanna  mosaics,  and  aquatic  macrohabitats  in  rivers,  are 
defined  by  dynamic  and  more  frequent  disturbance 
regimes.  These  large-patch  ecosystems  are  variable  in 
structure  and  composition,  with  distinctly  different  inter¬ 
nal  habitat  types  and  serai  stages  that  shift  and  rearrange 
over  time  and  space.  We  refer  to  these  dynamic  habitat 
types  and  serai  stages  within  large-patch  ecosystems  as 
"patch  types.”  Small-  and  large-patch  ecosystems  com¬ 
monly  make  up  the  majority  of  coarse-filter  diversity  in 
any  given  region. 

Intermediate- scale  species  depend  on  large-patch 
ecosystems  or  on  multiple  habitats.  For  example,  a  flood¬ 
plain-spawning  fish  uses  the  main  channel,  floodplain 
backwaters,  and  sloughs  of  aquatic  ecosystems.  Another 
example  is  decurrent  false  aster  ( Boltonia  decurrens),  an 
imperiled  floodplain  plant  that  occurs  only  along  the  Illi¬ 
nois  River  and  at  its  confluence  with  the  Mississippi  River. 
B.  decurrens  depends  entirely  on  a  dynamic  large-patch 
floodplain  ecosystem  and  germinates  on  exposed  mudflats 
created  by  spring  floods  (Smith  et  al.  1993).  Even  though 
B.  decurrens  inhabits  a  single  patch  type  (exposed  mud¬ 
flats),  we  consider  it  an  intermediate-scale  species  because 
this  habitat  is  part  of  a  large-patch  riparian  mosaic. 

Coarse  geographic  scale.  Matrix  ecosystems  and 
coarse-scale  species  occur  at  geographic  scales  of  tens  of 
thousands  to  millions  of  hectares.  Terrestrial  ecosystems  at 
this  scale  include  the  dominant  (or  historically  dominant) 
matrix-forming  vegetation  in  which  large-  and  small- 
patch  ecosystems  are  embedded.  In  the  Northeast,  matrix 
ecosystems  consist  of  spruce— fir  forests,  northern  hard¬ 
wood  forests,  and  their  successional  stages  (Anderson  et  al. 
1998).  In  the  southeastern  Atlantic  Coastal  Plain,  longleaf 
pine  (Pinus  palustris)  forests  historically  dominated  a  vast 
portion  of  the  landscape.  In  the  West,  various  types  of 
sagebrush  scrub  ( Artemisia  spp.)  and  grasslands  form  an 
extensive  matrix  in  low-elevation  intermountain  areas. 
Matrix  ecosystems  are  nondiscrete  in  their  boundaries  and 
are  defined  by  general,  widespread  climatic  and  elevation 
gradients. 

Species  at  the  coarse  scale  are  habitat  generalists,  moving 
among  and  using  ecosystems  at  multiple  scales.  Greater 
prairie  chickens  ( Tyrnpanuchus  cupido  pinnotus)  of  the  cen¬ 
tral  Great  Plains  are  a  coarse-scale,  area-dependent  species. 
They  depend  on  large  areas  of  the  historic  grassland  matrix, 
a  mix  of  small  wetlands  and  shrublands,  and  readily  use 
various  agricultural  lands  (Merrill  et  al.  1999). 

Regional  geographic  scale.  Regional-scale  species 
exist  at  the  broadest  geographic  scale;  they  include  wide- 
ranging  animals,  such  as  migrating  ungulates  and  top-lev¬ 
el  predators.  These  species  use  resources  over  millions  of 
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hectares  or  more,  including  natural  to  semi-natural  matrix 
and  embedded  large-  and  small-patch  ecosystems.  Exam¬ 
ples  include  caribou  ( Rangifer  tarandus)  of  northern 
North  America,  mountain  lions  ( Puma  concolor)  in  the 
West,  jaguar  ( Panthera  onca)  in  Latin  America,  American 
bison  ( Bison  bison)  of  the  Great  Plains,  migratory  fishes  in 
big  rivers,  and  many  species  of  migratory  birds. 

The  exact  geographic  scale  of  a  particular  ecosystem  or 
species  in  a  given  area  or  region  will  depend  on  several  fac¬ 
tors,  including  the  environmental  setting  and  the  species' 
life-history  characteristics.  Some  regions,  such  as  the 
North  American  Great  Plains  and  the  southeastern 
Coastal  Plain,  are  characterized  by  flat  topography  and 
large-scale  disturbance  regimes  (e.g.,  landscape  fires,  hur¬ 
ricanes).  Natural  matrix  ecosystems  in  these  areas  (e.g., 
tallgrass  prairie,  longleaf  pine  forests)  originally  occurred 
over  millions  of  hectares.  In  contrast,  steep  topography 
and  more  localized  disturbance  regimes  (e.g.,  ridgetop 
fires,  landslides,  ice  storms)  in  the  southern  Blue  Ridge 
Mountains  have  produced  a  patchwork  vegetation  pattern. 
Matrix  ecosystems  in  this  latter  region  may  be  an  order  of 
magnitude  smaller  than  in  the  Great  Plains  or  Coastal 
Plain.  Moreover,  an  animal  species  may  use  resources  at 
different  scales  in  different  regions  (e.g.,  mountain  lions 
may  be  regional-scale  species  in  one  region  and  coarse- 
scale  species  in  another).  Consequently,  it  may  be  difficult 
to  assign  an  ecosystem  or  species  to  an  exact  scale,  partic¬ 
ularly  because  basic,  region-specific  life-history  informa¬ 
tion  is  lacking  for  most  species.  Thus,  we  define  the  extent 
of  the  four  geographic  scales  generally  and  with  overlap¬ 
ping  values  to  account  for  these  regional  differences. 

Functional  conservation  areas — sites, 
landscapes,  and  networks 

Conservation  of  biodiversity  at  multiple  levels  of  biologi¬ 
cal  organization  and  spatial  scales  is  complex  and  requires 
two  key  steps:  explicit  identification  and  protection  of  the 
focal  ecosystems  and  species  in  a  given  area,  and  adequate 
identification  and  protection  of  the  associated  multiscale 
ecological  processes  that  support  and  sustain  those  ecosys¬ 
tems  and  species  (Pickett  et  al.  1992,  Meyer  1997).  These 
requirements  are  met  within  what  we  call  functional  con¬ 
servation  areas.  We  define  a  functional  conservation  area 
as  a  geographic  domain  that  maintains  focal  ecosystems, 
species,  and  supporting  ecological  processes  within  their 
natural  ranges  of  variability. 

Functional  conservation  areas  have  several  characteris¬ 
tics.  First,  the  size,  configuration,  and  other  design  charac¬ 
teristics  will  be  determined  by  the  focal  ecosystems, 
species,  and  supporting  ecological  processes.  Second,  a 
conservation  area  is  functional  if  it  maintains  the  focal 
biotic  and  abiotic  patterns  and  processes  within  their  nat¬ 
ural  ranges  of  variability  over  time  frames  relevant  to  con¬ 
servation  planning  and  management  (e.g.,  100-500  years). 
Third,  functional  conservation  areas  do  not  necessarily 
preclude  human  activities,  although  their  functionality  or 


integrity  maybe  greatly  influenced  by  such  activities  (Red 
ford  and  Richter  1999).  Finally,  functional  conservatior 
areas  at  all  scales  may  require  ecological  management  oj 
restoration  to  maintain  their  functionality  (e.g.,  pre 
scribed  burning,  invasive  species  removal). 

We  define  three  types  of  functional  conservation  areas 
sites,  landscapes,  and  networks  (Figure  2).  The  defining 
characteristics  of  these  conservation  areas  are  the  ecosys¬ 
tems  and  species  they  are  designed  to  conserve.  Function¬ 
al  sites  aim  to  conserve  a  small  number  of  ecosystemi 
and/or  species  within  their  natural  ranges  of  variability  at 
one  or  two  scales  below  regional;  functional  landscape,* 
seek  to  conserve  many  ecosystems  and  species  within  theii 
natural  ranges  of  variability  at  all  scales  below  regional 
(i.e.,  coarse,  intermediate,  and  local);  and  functional  net¬ 
works  are  integrated  sets  of  sites  and  landscapes  designed 
to  conserve  regional-scale  species  within  their  natural 
ranges  of  variability. 

Examples  of  functional  sites  are  areas  intended  to  con¬ 
serve  one  or  more  rare  or  endangered  species  or  uncom¬ 
mon  ecosystems,  often  at  the  local  scale.  Such  areas  con¬ 
stitute  the  majority  of  nature  preserves  in  the  United 
States.  These  areas  are  functional  sites  if  they  adequately 
conserve  (or  restore  through  management)  the  focal  bio¬ 
diversity  and  their  sustaining  ecological  processes  (e.g., 
fire,  flood,  dispersal,  pollination)  within  their  natural 
ranges  of  variability  (Poiani  et  al.  1998).  Although  ecosys¬ 
tems  and  species  of  concern  at  functional  sites  are  not  nec¬ 
essarily  easy  to  conserve,  they  are  relatively  few  and  easy  to 
identify,  and  they  share  similar  sustaining  ecological 
processes  (e.g.,  an  assemblage  of  fire-dependent  prairie 
plants  and  butterflies,  or  a  wetland  complex  and  its  asso¬ 
ciated  rare  species).  In  some  cases,  and  especially  over  the 
long  term,  functional  sites  for  even  small-patch  ecosys¬ 
tems  and  local-scale  species  may  require  large  areas  to  be 
conserved. 

In  functional  landscapes,  ecosystems  and  species  of 
conservation  concern  are  more  numerous  than  at  func¬ 
tional  sites.  Functional  landscapes  typically  encompass  the 
full  terrestrial  to  aquatic  (and  sometimes  marine)  gradi¬ 
ent,  and  they  require  a  diversity  of  sustaining  ecological 
processes.  Functional  landscapes  usually  exist  within  a 
human-  or  multiple-use  context  and  commonly  span 
diverse  land  ownership. 

It  is  the  degree  to  which  an  area  comprehensively  con¬ 
serves  biodiversity  at  three  or  more  scales,  rather  than  its 
size,  that  distinguishes  a  functional  landscape  from  a  func¬ 
tional  site.  Indeed,  the  size  of  a  conservation  area  alone 
does  not  ensure  the  protection  of  biodiversity  at  all  scales 
(Simberloff  1998).  For  example,  conservation  areas  in  the 
southeastern  Coastal  Plain  that  seek  to  conserve  coarse- 
scale  red-cockaded  woodpeckers  ( Picoides  borealis )  must 
encompass  extensive  expanses  of  longleaf  pine  matrix 
with  significant  old  growth  and  sparse  understory  (Hard¬ 
esty  et  al.  1997).  Woodpecker  conservation  therefore 
requires  protection  and  fire  management  of  large  areas.  Yet 
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Conserves  biodiversity  at  coarse, 
intermediate,  and  local  scales 


Functional  site 

Conserves  biodiversity  at  one  or  two 
scales  below  regional 


Figure  2.  Definitions  of 
functional  sites,  landscapes, 
and  networks  and  their 
relationships  to  biodiversity  at 
various  spatial  scales, 

it  is  possible  to  conserve  wood¬ 
peckers  and  their  required  habi¬ 
tat  and  still  degrade  nonfocal 
biodiversity  (e.g.,  streams  and 
wetlands  and  their  associated 
species).  Similarly,  a  functional 
site  focused  on  intermediate- 
scale  aquatic  species  might 
require  attention  to  large  water¬ 
shed  areas  because  of  the  need  to 
maintain  natural  hydrologic  and 
water  chemistry  regimes.  Again, 
full  protection  of  the  habitat 
and  ecological  processes  that 
sustain  aquatic  species  may  not 
be  enough  to  conserve  terrestri¬ 
al  biodiversity,  such  as  upland 
rare  plants,  matrix  forest,  or  for¬ 
est  interior  birds. 

Finally,  functional  networks  provide  adequate  spatial 
context,  configuration,  and  connectivity  to  conserve 
regional-scale  species  with  or  without  explicit  considera¬ 
tion  of  biodiversity  at  finer  scales.  Sites  or  landscapes 
within  functional  networks  can  be  arranged  contiguous¬ 
ly  within  one  region  or  in  several  adjacent  regions  to  pro¬ 
tect  species  such  as  migrating  ungulates  or  grizzly  bears 
(Ursus  arctos  horribilis).  Conversely,  sites  or  landscapes 
may  form  a  series  of  stepping  stones  spread  over  many 
regions  to  protect  migratory  species,  such  as  certain  birds, 
insects,  and  bats. 

Although  functional  networks  are  intended  to  conserve 
regional-scale  species,  some  functional  networks  may  also 
include  explicit  attention  to  biodiversity  at  other  scales. 
Functional  networks  with  a  multiscale  perspective  differ 
fundamentally  from  networks  focused  solely  on  regional- 
scale  species.  Examples  of  networks  focused  on  regional- 
scale  species  alone  have  been  articulated  for  several  areas 
of  the  United  States  (e.g.,  Noss  1993,  Cox  et  al.  1994);  such 
designs  do  not  explicitly  consider  the  area  or  actions  nec¬ 
essary  to  conserve  finer-scale  ecosystems  and  species  with¬ 
in  these  regions.  Functional  networks  that  continue  to 
conserve  both  regional-scale  species  and  biodiversity  at  all 
finer  scales  include  the  Brooks  Range  of  Alaska,  the  north¬ 
ern  Rocky  Mountains  in  the  United  States  and  Canada, 
and  the  Serengeti-Mara  system  in  Tanzania  and  Kenya. 

Conservation  at  multiple  scales 

Implementing  a  functional  conservation  approach  requires 
practitioners  to  first  identify  the  ecosystems  or  species 
toward  which  conservation  efforts  are  or  will  be  directed. 


Conservation  organizations  and  natural  resource  agencies 
should  strive  for  a  comprehensive,  multiscale  approach,  in 
which  they  direct  conservation  efforts  toward  biodiversity 
at  the  coarsest  scale  an  area  can  support  and  then  deter¬ 
mine  the  extent  to  which  ecosystems  and  species  at  finer 
scales  can  be  targeted.  Thus,  new  conservation  areas 
should,  wherever  possible,  be  functional  landscapes  or 
contribute  to  a  functional  network.  If  an  area  cannot  sup¬ 
port  a  functional  landscape  or  regional- scale  species,  a 
functional  site  should  be  delineated  and  conserved  at  the 
highest  possible  scale. 

Determining  the  appropriate  focus  for  a  conservation 
area  is  an  iterative  process,  in  which  initial  assumptions 
about  site  or  landscape  functionality  are  examined  more 
rigorously  over  time.  Periodic  refinement  of  the  initial 
focus  is  warranted  following  management,  research,  or 
other  ongoing  observations.  For  example,  areas  designed 
to  conserve  one  or  a  few  local-  to  intermediate-scale 
ecosystems  or  species  may  be  logically  extended  to  include 
coarser  patterns  (e.g.,  a  site  focused  on  a  large-patch  ripar¬ 
ian  mosaic  may  be  expanded  to  conserve  adjacent  high- 
quality  upland  matrix),  whereas  an  area  that  is  designed 
with  a  coarse-scale  focus  may,  in  light  of  new  findings, 
need  to  be  refocused  downward  to  include  finer-scale  pat¬ 
terns  (e.g.,  a  site  focused  on  red-cockaded  woodpeckers 
may  need  to  be  expanded  to  conserve  high-quality  small- 
patch  wetlands  and  their  associated  local-scale  species). 

Directing  conservation  efforts  toward  biodiversity  at 
coarse  scales  while  integrating  ecosystems  and  species  at 
finer  scales  has  many  benefits.  Attention  to  coarse-scale 
ecosystems— particularly  outright  conservation  of  matrix 
types— has  generally  been  neglected  by  private  conserva- 
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tion  efforts.  Matrix  ecosystems  are  relatively  common  and 
typically  do  not  contain  many  rare  species  (Franklin 
1993).  However,  an  intact  matrix  is  often  key  to  the  long¬ 
term  persistence  of  large-  and  small-patch  ecosystems  and 
lower-scale  species. 

Multiscale  conservation  can  also  offer  a  more  compre¬ 
hensive  and  conservative  strategy  for  protecting  little- 
known  species  and  genetic  diversity,  especially  if  conserva¬ 
tion  areas  encompass  broad  physical  and  biological 
gradients  and  capture  unique  environmental  features 
(Hunter  et  al.  1988).  Such  comprehensive  gradients  offer 
greater  protection  against  and  capacity  to  accommodate 
human-induced  environmental  change  (e.g.,  climate 
change,  acid  deposition,  invasive  species;  Hunter  et  al. 
1988).  However,  understanding  and  monitoring  complex 
multiscale  conservation  areas  will  often  require  substantial 
resources. 

Functional  networks  should  also,  to  the  extent  that  it  is 
scientifically  sound,  seek  to  conserve  ecosystems  and 
species  at  finer  scales.  Conserving  species  at  a  single  scale 
(even  an  umbrella  species  at  the  coarse  or  regional  scale) 
can  miss  important  linkages,  ecological  processes,  and 
biodiversity  at  other  scales  (Simberloff  1998). 

Ecological  attributes 
for  evaluating  functionality 

Identifying  and  protecting  functional  conservation  areas  is 
challenging,  given  the  complexity  of  both  ecological  and 
human  issues  at  any  given  place  (Stanford  and  Poole 
1996).  One  of  the  most  important  but  difficult  tasks  in  the 
process  is  to  determine  a  conservation  area’s  degree  of 
functionality  or  ecological  integrity.  Such  information  is 
critical  in  formulating  appropriate  conservation,  manage¬ 
ment,  and  restoration  strategies  and  in  evaluating  current 
and  potential  human  uses.  Assessment  of  ecological 
integrity  or  functionality  is  a  relatively  undeveloped  area 
in  applied  ecology.  Although  almost  all  natural  systems 
and  species  are  influenced  by  a  multitude  of  past  and  cur¬ 
rent  human  activities  (Breitburg  et  al.  1998),  the  effects  of 
these  activities  on  biodiversity  are  often  complex  and 
sometimes  obscure.  Thus,  assessing  an  area’s  functionality 
should  be  an  iterative  process  based  on  accumulated 
knowledge. 

The  list  of  potential  attributes  that  can  be  examined  to 
assess  a  conservation  area’s  functionality  or  integrity  is 
exceedingly  long  (e.g.,  Noss  1990).  Applied  conservation 
organizations  rarely  have  the  ability  and  resources  to 
examine  all  of  them.  Based  on  our  experiences  at  many 
conservation  sites  and  landscapes,  we  suggest  evaluating 
four  well-known  attributes  (which  encompass  the  critical 
patterns  and  processes  at  most  conservation  areas).  Ideal¬ 
ly,  other  area-specific  attributes  could  be  added  as  time 
and  resources  allow  (e.g.,  Hardesty  et  al.  1997).  The  four 
attributes  are  composition  and  structure  of  the  focal 
ecosystems  and  species;  dominant  environmental  regimes, 
including  natural  disturbance;  minimum  dynamic  area; 


and  connectivity. 

Evaluating  these  attributes  at  functional  sites  and  even 
functional  networks  should  be  relatively  straightforward. 
However,  evaluating  the  attributes  for  functional  land¬ 
scapes  is  more  challenging.  To  assess  functional  land¬ 
scapes,  a  subset  of  ecosystems  and  species  must  be  select¬ 
ed  that  adequately  identifies  the  patterns  and  processes 
needed  to  conserve  the  entire  functional  landscape  (i.e., 
for  planning)  and  that  provides  information  on  landscape 
functionality  over  time  (i.e.,  for  adaptive  management  and 
monitoring).  Focal  ecosystems  and  species  selected  for 
these  two  purposes  may  not  necessarily  be  the  same.  In 
both  cases,  however,  it  is  important  to  choose  ecosystems 
and  species  at  all  focal  spatial  scales  (e.g„  Hansen  and 
Urban  1992,  Block  et  al.  1995,  Hardesty  et  al.  1997, 
Breininger  et  al.  1998).  Exemplary  focal  ecosystems  and 
species  for  functional  landscape  planning  and  monitoring 
include  those  that  require  specific  management  or  conser¬ 
vation  strategies,  those  that  integrate  or  span  various  parts 
of  the  terrestrial-aquatic  gradient  (e.g„  species  that  use 
wetlands  and  uplands),  those  that  are  known  to  be  sensi¬ 
tive  to  alterations  in  the  key  attributes  (i.e.,  indicator 
species),  those  that  play  a  primary  role  in  sustaining  key 
ecological  processes  (i.e.,  keystone  species),  and  those  that 
are  readily  monitored.  For  nongovernmental  conservation 
organizations,  a  focus  on  endangered  species  will  also  pro¬ 
vide  a  good  link  to  the  mission  of  state  and  federal  agency 
partners.  Several  guidelines  provide  further  insights  for 
defining  and  selecting  indicator,  focal,  and  keystone  species 
(e.g.,  Noss  1990,  Cairns  et  al  1993,  Noss  and  Cooperrider 
1994,  Power  et  aL  1996,  Noon  et  al.  1997,  Simberloff  1998). 

Composition  and  structure.  For  purposes  of  biodi¬ 
versity  conservation,  functionality  or  integrity  of  a  conser¬ 
vation  area  can  perhaps  best  be  judged  by  the  extent  to 
which  the  composition  and  structure  of  the  focal  ecosys¬ 
tems  and  species  are  within  their  natural  ranges  of  vari¬ 
ability.  Even  for  conservation  areas  with  intact  or  nearly 
intact  ecological  processes,  conservationists  should  not 
assume  that  focal  ecosystems  and  species  are  composition- 
ally  and  structurally  intact  For  example,  invasive  non¬ 
native  species  can  displace  natives,  completely  altering 
ecosystem  composition,  while  general  ecological  processes 
such  as  fire  and  flood  are  still  maintained.  In  addition,  pre¬ 
liminary  evidence  shows  that  compositional  and  structur¬ 
al  integrity  may  be  critical  in  maintaining  internal  stabili¬ 
ty,  productivity,  and  resilience  of  the  ecosystem  itself  (e.g., 
Johnson  et  al.  1996,  Naeem  1998). 

Key  compositional  and  structural  components  for 
species  are  age  structure,  evidence  of  reproduction,  popu¬ 
lation  size  or  abundance,  and,  when  possible,  genetic 
diversity  and  minimum  viable  populations.  Key  composi¬ 
tional  and  structural  components  for  ecosystems  are  more 
complex  and  can  include  abundance  of  invasive  species 
(non-native  or  native),  presence  of  keystone  species,  pres¬ 
ence  of  species  that  indicate  unaltered  ecological  process- 
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es,  abundance  of  important  prey  species,  existence  of  char¬ 
acteristic  species  diversity,  evidence  of  reproduction  of 
dominant  species,  and  evidence  of  vertical  strata  or  layer¬ 
ing.  Composition  and  structure  of  focal  large-patch  and 
matrix  ecosystems  can  also  include  the  spatial  distribution 
and  juxtaposition  of  internal  patch  types  or  serai  stages,  the 
presence  of  characteristic  patch  types,  and  the  extent  of 
fragmentation  and  non-natural  or  semi -natural  land  uses. 

Dominant  environmental  regimes .  To  determine 
the  functional  status  of  a  conservation  area,  practitioners 
must  understand  and  evaluate  dominant  and  sustaining 
environmental  regimes  relative  to  the  ecosystems  and 
species  of  concern.  Environmental  regimes  can  be  diverse 
and  can  vary  considerably  among  conservation  areas. 
Important  dominant  environmental  regimes  include  graz¬ 
ing  or  herbivory,  hydrologic  and  water  chemistry  regimes 
(surface  and  groundwater),  geomorphic  processes,  climat¬ 
ic  regimes  (temperature  and  precipitation),  fire  regimes, 
and  many  kinds  of  natural  disturbance. 

Natural  disturbance  can  be  defined  as  “any  relatively 
discrete  event  in  time  that  disrupts  ecosystem,  communi- 
ty,  or  population  structure  and  changes  resources,  sub¬ 
strate  availability,  or  the  physical  environment”  (White 
and  Pickett  1985).  Natural  disturbance  is  a  key  aspect  of 
environmental  regimes  and  plays  a  critical  role  in  the 
dynamic  fluctuation  of  habitat  availability  and  biotic 
diversity.  When  environmental  regimes  and  natural  dis¬ 
turbances  are  pushed  outside  their  natural  ranges  of  vari¬ 
ability  by  human  influences,  changes  in  ecosystems  and 
species  will  follow. 

There  are  few  places  where  completely  unaltered  envi¬ 
ronmental  regimes  and  natural  disturbances  currently 
exist,  particularly  those  operating  at  broad  scales.  For 
example,  Alaska  and  northern  Canada  may  be  the  only 
remaining  areas  in  North  America  that  have  truly  natural 
fire  regimes.  Even  Yellowstone  National  Park,  where  most 
lightning  fires  are  allowed  to  bum,  does  not  have  a  com¬ 
pletely  natural  fire  regime  (Romme  and  Despain  1989). 
Thus,  it  is  critical  to  evaluate  the  potential  to  restore 
regimes  and  disturbances  through  active  management 
(e.g.,  prescribed  fire,  prescribed  floods,  managed  grazing). 

Minimum  dynamic  area.  Another  consideration  in 
assessing  functionality  of  sites,  landscapes,  and  networks  is 
their  necessary  size  or  extent.  Dynamic  natural  distur¬ 
bances  may  greatly  influence  local  populations  and  ecosys¬ 
tems,  even  causing  their  local  extirpation.  Within  large- 
patch  and  matrix  ecosystems,  disturbances  create  a 
diverse,  shifting  mosaic  of  successional  stages  and  physical 
settings  of  different  origin  and  size  (Bormann  and  Likens 
1979).  Although  many  small-patch  ecosystems  tend  to  be 
more  stable  in  their  location,  disturbances  also  influence 
their  composition  and  structure,  and  populations  of 
species  within  them  can  fluctuate  widely.  Thus,  metapop¬ 
ulation  spatial  structure  and  processes  may  be  essential  to 


sustain  local-scale  species  and  small-patch  ecosystems,  for 
which  replication  and  connectedness  would  be  more 
important  than  size  (Fahrig  and  Merriam  1985). 

Regardless  of  whether  a  shifting  mosaic  or  metapopula¬ 
tion  model  is  most  appropriate,  the  rate  of  recovery  of  an 
ecosystem  or  species  at  any  scale  following  disturbance  is 
influenced  strongly  by  the  availability  of  nearby  organisms 
or  propagules  and  biological  “legacies”  (e.g.,  seed  banks, 
underground  biomass)  for  recolonization  (Holling  1973). 
When  recolonization  sources  are  available  and  plentiful, 
recovery  will  be  optimal.  The  area  needed  to  ensure  sur¬ 
vival  or  recolonization  has  been  called  the  minimum 
dynamic  area  (Pickett  and  Thompson  1978).  For  certain 
small-patch  ecosystems  and  species,  this  concept  may  be 
better  described  as  “minimum  dynamic  number.” 

Minimum  dynamic  area  has  already  become  an  impor¬ 
tant  consideration  in  the  design  of  conservation  areas  and 
should  be  a  primary  factor  in  assessing  functional  sites, 
landscapes,  and  networks.  For  example,  Shugart  and  West 
(1981)  suggested  that,  as  a  rule  of  thumb  for  forested 
ecosystems,  the  minimum  dynamic  area  is  typically  50 
times  the  mean  disturbance  patch  size.  Baker  (1992) 
emphasized  that  reserves  should  be  large  relative  to  maxi¬ 
mum  disturbance  sizes,  thus  minimizing  their  vulnerabil¬ 
ity  to  catastrophic  loss  of  organisms,  reducing  the  chance 
of  disturbance  spreading  to  adjacent  developed  lands,  and 
minimizing  the  influences  of  adjacent  lands  on  the  size 
and  spread  of  disturbance  at  the  margins.  In  addition, 
Peters  et  al.  (1997)  suggested  that  a  minimum  dynamic 
area  must  be  large  where  disturbance  events  are  either 
large  or  common.  They  recommended  that  managers  use 
simulation  models  to  analyze  system  response  to  natural 
disturbances  and  to  determine  the  minimal  area  needed  to 
absorb  the  largest  disturbance  event  expected  within  a 
500-1000-year  period.  Developing  scientific  estimates  of 
minimum  dynamic  area  and  metapopulation  structure  for 
biodiversity  at  different  scales,  or  guidelines  as  to  how  to 
develop  such  estimates  efficiently,  is  one  of  the  critical 
frontiers  of  applied  conservation  biology. 

As  well  as  considering  natural  disturbance  regimes,  it 
may  also  be  critical  to  estimate  the  minimum  conservation 
area  needed  to  actively  manage  for  broad-scale  distur¬ 
bances,  in  cases  where  disturbance  regimes  will  never  be 
fully  intact.  For  example,  many  sites  need  to  be  large 
enough  to  bum  or  graze  on  a  rotational  basis  and  to  satis¬ 
fy  a  variety  of  species  and  habitat  requirements  (Biondim 
et  al.  1999). 

Connectivity.  Connectivity  includes  several  key  con¬ 
cepts:  focal  species  have  access  to  all  habitat  and  resources 
needed  for  life  cycle  completion,  focal  ecosystems  and 
species  have  the  ability  to  recover  following  disturbance, 
and  focal  ecosystems  and  species  have  the  ability  to 
respond  to  environmental  change  (Saunders  et  al.  1991, 
Stanford  and  Ward  1992,  Rosenberg  et  al.  1997).  For 
example,  access  to  backwater  areas  on  a  floodplain  during 
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annual  spring  floods  may  be  critical  for  fish  spawning 
(Sedell  et  al.  1990).  Enabling  local-  to  regional-scale  migra¬ 
tions  of  various  ecosystems  and  species  will  become  critical 
with  global  warming.  Functional  conservation  areas  must 
allow  for  such  movements  by  encompassing  entire  eleva- 
tional  gradients  or  spanning  many  geological  substrates, 
depending  on  the  needs  of  the  focal  systems  and  species 
(Hunter  et  al.  1988).  For  example,  to  fully  conserve  vernal 
pools  over  a  100-year  time  frame,  it  may  be  necessary  to 
protect  pools  that  vary  in  size,  depth,  hydroperiod,  and 
substrate,  such  that  component  species  have  the  natural 
abiotic  template  on  which  to  evolve  over  time. 

The  degree  to  which  a  site,  landscape,  or  network  is  con¬ 
nected  and  the  ability  of  organisms  to  move,  disperse, 
migrate,  or  recolonize  varies  with  the  species  (e.g.,  Hansen 
and  Urban  1992,  Pearson  et  al.  1996).  A  landscape  that  is 
fragmented  to  a  black  bear,  for  example,  may  be  continu¬ 
ous  to  a  local-scale  insect  (Wiens  and  Milne  1989).  Thus, 
connectivity  must  be  considered  in  light  of  the  wide  range 
of  life-history  characteristics  and  ecological  processes  of 
the  focal  biodiversity.  This  situation  reiterates  the  impor¬ 
tance  of  selecting  focal  biodiversity  at  multiple  scales  for 
complex  functional  landscapes. 

A  word  on  natural  ranges  of  variability.  Ecological 
patterns  and  processes  as  described  above  are  highly 
dynamic  in  time  and  space  (Morgan  et  al.  1994).  To  pro¬ 
tect  focal  biodiversity  over  long  time  frames,  practitioners 
need  to  understand,  describe,  and,  where  possible,  quanti¬ 
fy  and  conserve  the  range  of  these  natural  biotic  and  abiot¬ 
ic  fluctuations  (Noss  1985,  Swanson  et  al.  1993,  Poff  et  al. 
1997,  Richter  et  al.  1997).  For  example,  flood  disturbances 
have  been  suppressed  in  the  majority  of  rivers  in  the  North¬ 
ern  Hemisphere  (e.g.,  Figure  3).  When  a  key  disturbance 
regime  such  as  flooding  is  pushed  outside  (typically 
below)  its  natural  range  of  variation,  ecosystems  and  species 
that  depend  on  conditions  associated  with  large  floods  may 
not  be  viable  over  the  long  term  (Poff  et  al.  1997). 

Unfortunately,  present  understanding  of  most  biotic 
and  abiotic  variation  and  its  causes  is  rudimentary.  Bio¬ 
logical  monitoring  data  are  limited  and  often  inadequate 


Figure  3.  Hydrograph  of  annual  flood  levels  (w?/s)for  the 
Roanoke  River,  North  Carolina,  shows  changes  in  natural 
flow  regime.  Large  dams  began  operating  on  the  Roanoke 
River  in  1956 . 

for  describing  long-term  variation.  Data  sets  from  long 
term  research  sites  (Bildstein  and  Brisbin  1990)  an 
breeding  bird  surveys  are  several  significant  exception 
Furthermore,  for  most  locations  in  the  United  States,  his 
torical  records  exist  that  at  least  allow  researchers  to  recon 
struct  or  characterize  environmental  regimes,  such  a 
stream  flow,  temperature,  and  precipitation. 

In  addition,  a  variety  of  methods  have  proven  useful  fo 
reconstructing  presettlement  or  historic  patterns  anc 
processes  to  help  define  natural  ranges  of  variability  (Nos: 
1985,  Morgan  et  al.  1994,  Birks  1996,  Delcourt  and  Del 
court  1996,  Poiani  et  al.  1996,  Foster  et  al.  1998).  These 
methods  include  simulation  modeling,  historical  account? 
and  early  land  surveys,  interpretation  of  historic  aerial 
photographs,  and  paleoecological  evaluations  of  sedi¬ 
ments,  charcoal,  tree  rings,  pollen,  and  seed  banks.  Ther¬ 
mographs,  rainfall  hyetographs,  hydrographs  (e.g.,  Figure 
3),  or  output  from  simulation  models  can  be  summarized 
statistically  (e.g.,  magnitude,  intensity,  duration,  timing, 
frequency,  spatial  extent,  and  rate  of  change)  to  describe 
and  quantify  natural  ranges  of  variability  (Baker  1992, 
Morgan  et  al.  1994,  Richter  et  al.  1996).  Also,  when  data 
are  not  available  for  a  particular  ecosystem  or  species, 
deductions  about  cause-and-effect  relationships  can 
sometimes  be  drawn  from  reference  areas  or  similar 
ecosystems  and  organisms  (Arcese  and  Sinclair  1997). 

Ecological  models  (particularly  simulation  models)  can 
aid  in  assessing  acceptable  variability  in  focal  patterns  and 
processes  (e.g.,  Lauenroth  et  al.  1998,  Maddox  et  al.  1999). 
When  human  land  and  water  use  regularly  push  key  envi¬ 
ronmental  parameters  outside  their  natural  ranges,  or 
threaten  to  do  so  in  the  future,  a  predictive  model  can  pro¬ 
vide  a  potent  tool  for  understanding  possible  conse¬ 
quences  for  focal  biodiversity.  Simple  rule-based  state- 
and-transition  models  are  particularly  useful  for 
understanding  vegetation  dynamics  (e.g.,  Poiani  and 
Johnson  1993,  Johnson  1994,  Ellison  and  Bedford  1995, 
Richter  1999).  Population  dynamics  models  can  also  pre¬ 
dict  the  cumulative  effect  of  repeated  perturbation  on 
focal  species  (Ruggiero  et  al.  1994,  Noon  et  al.  1997). 

The  challenges  of  implementation 

The  overall  framework  outlined  in  this  article  may  be 
most  useful  if  employed  several  times  during  the  course  of 
ongoing  conservation  activities.  As  a  first  step,  ecological 
attributes  can  be  rapidly  evaluated  to  identify  focal  ecosys¬ 
tems  and  species  for  a  new  or  existing  conservation  area. 
As  a  second  step,  ecological  attributes  must  be  evaluated  in 
greater  depth  and  detail  during  ongoing  planning  and 
adaptive  management  to  examine  and  refine  the  initial 
assumptions.  Evaluating  the  attributes  using  data,  simula- 
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tion  models,  historical  analyses,  or  monitoring  and  research 
projects  may  be  appropriate  during  this  second  stage. 

Evaluation  of  both  ecological  patterns  and  processes, 
however,  represents  a  major  challenge  for  conservation 
scientists  and  practitioners.  Among  the  greatest  problems 
is  translating  the  four  functional  attributes  into  effective, 
useful,  and  measurable  specifics  for  planning,  monitoring, 
and  assessment.  For  example,  are  there  rules  of  thumb  for 
determining  minimum  dynamic  area  for  various  ecosys¬ 
tem  types?  Do  thresholds  exist  for  environmental  regimes 
(e.g.,  flooding),  fragmentation,  or  invasive  species  beyond 
which  ecological  integrity  is  diminished  to  unacceptable 
limits?  In  addition,  identifying  a  subset  of  focal  ecosystems 
or  species  (i.e.,  indicators,  keystones,  or  guilds)  that  may 
be  used  to  gauge  broader  site  or  landscape  functionality  is 
proving  difficult  (Landres  et  al.  1988).  Even  focusing  on 
keystone  species  appears  to  miss  many  vital  components  of 
an  ecosystem  (Franklin  1993),  although  further  research 
may  reveal  more  promising  results  (Simberloff  1998). 

In  the  human  arena,  implementing  conservation  across 
multiple  scales  requires  unprecedented  levels  of  coordina¬ 
tion  among  federal,  state,  and  local  institutions,  both  pub¬ 
lic  and  private.  Many  small-patch  ecosystems  and  local- 
scale  species  can  still  be  approached  in  a  site-based  fashion 
using  the  traditional  strategies  of  land  purchasing  or  ease¬ 
ments.  However,  effective  conservation  at  a  local  scale  is 
generally  management  intensive  and  may  be  the  most 
expensive  option  in  the  long  run.  Conserving  functional 
landscapes,  by  contrast,  typically  requires  greater  initial 
investments  and  extensive  partnership  networks,  includ¬ 
ing  a  diverse  cast  of  stakeholders.  At  the  scale  of  the  func¬ 
tional  network,  evaluation  of  existing  managed  areas, 
regionwide  threats,  public  input,  zoning,  and  education 
become  essential  tools,  again  requiring  extensive  coordi¬ 
nation  and  cooperation  among  landowners. 

A  TNC  case  study  illustrates  the  application  of  the 
framework  described  in  this  article.  Drawing  from  our  14 
years  of  experience  along  the  Yampa  River  in  northwestern 
Colorado,  we  describe  the  challenges  and  benefits  derived 
from  a  multiscale,  functional  conservation  approach. 

The  Yampa  River  case  study 

The  Yampa  River  originates  along  the  continental  divide  of 
the  Rocky  Mountains  in  northwestern  Colorado  at  an  ele¬ 
vation  of  approximately  3400  meters  above  sea  level  and 
flows  300  km  to  join  the  Green  River  near  the  Utah  border. 
The  upper  tributaries  in  the  watershed  are  small,  steep- 
gradient  montane  streams  that  are  generally  1-4  m  wide. 
These  tributaries  coalesce  to  form  the  30—40  m  wide  main- 
stem  of  the  river,  which  runs  through  broad,  gently  slop¬ 
ing  valleys  and,  occasionally,  narrow  canyons.  As  the  river 
flows  west,  it  crosses  from  the  Colorado  Rocky  Mountains, 
which  are  dominated  by  coniferous  forests,  aspen  stands, 
and  montane  shrublands,  to  the  Wyoming  Basin  region, 
which  is  dominated  by  Wyoming  big  sagebrush  ( Artemisia 
tridentata  ssp.  wyomingensis).  Along  the  longitudinal  gra¬ 


dient  of  the  river  and  its  tributaries,  the  riparian  vegeta¬ 
tion  varies  greatly.  Average  annual  precipitation  in  the 
headwaters  exceeds  1 50  cm  per  year,  most  of  which  fells  as 
snow,  resulting  in  a  snowmelt-driven  flood  regime.  Flows 
in  the  mainstem  peak  in  late  May  to  early  June,  ranging 
from  an  average  low  of  14-28  m3/s  to  an  average  high  of 
140-280  m3/s. 

Conservation  focus.  TNC’s  work  along  the  Yampa  Riv¬ 
er  over  the  past  14  years  illustrates  the  evolution  from  con¬ 
servation  focused  on  rare  biodiversity  to  the  design  and 
management  of  a  functional  conservation  area.  Between 
1986  and  1996,  TNC  acquired  several  hundred  acres  along 
the  Yampa  River,  primarily  to  conserve  mature  stands  of 
the  globally  rare  box  elder-narrowleaf  cottonwood/red- 
osier  dogwood  ( Acer  negundo-Populus  angustifolia/Cornus 
sericea)  riparian  forest.  In  the  mid-1990s,  TNC  developed 
a  conceptual  ecological  model  that  would  provide  a  broad 
framework  for  understanding  the  dynamics  of  the  ripari¬ 
an  system  along  the  mainstem  of  the  Yampa  River.  The 
model  quickly  revealed  that  the  globally  rare  forest  TNC 
initially  sought  to  protect  was  in  fact  only  one  of  several 
shifting  patch  types  within  a  larger  dynamic  riparian 
ecosystem  (Figure  4).  That  is,  the  rare  forest  type  was  not 
a  stable,  small-patch  ecosystem  that  could  be  managed  out 
of  context  from  the  overall  large-patch  riparian  mosaic. 
Thus,  TNC’s  conservation  focus  evolved  from  protecting  a 
single  riparian  patch  type  at  a  local  scale  to  protecting  the 
entire  large-patch  riparian  mosaic  at  an  intermediate 
scale. 

A  second  expansion  in  scale?  More  recent  discussions 
of  Yampa  River  conservation  center  around  whether  focus 
should  shift  again,  from  a  functional  site  aimed  at  the 
large-patch  riparian  mosaic  and  associated  fine-  and  inter¬ 
mediate-scale  species  to  a  functional  landscape  that  seeks 
to  conserve  biodiversity  at  all  scales.  Matrix  ecosystems 
surrounding  the  Yampa  River  at  both  high  and  low  eleva¬ 
tions  remain  relatively  unaltered.  For  example,  the  USDA 
Forest  Service  manages  the  majority  of  the  upper  water¬ 
shed  as  part  of  the  Routt  National  Forest  A  greater  per¬ 
centage  of  private  ownership  exists  lower  in  the  basin,  but 
much  of  the  Wyoming  big  sagebrush  matrix  in  this  area 
remains  relatively  intact.  In  addition,  several  important 
coarse-scale  species  appear  to  be  supported  by  the  sage¬ 
brush  matrix  and  other  embedded  patch  ecosystems  with¬ 
in  the  watershed,  including  elk  ( Cervus  elaphus)  and 
Columbian  sharp-tailed  grouse  ( Tympanuchus  phasianel- 
lus  columbianus).  The  latter  species  is  declining  over  much 
of  its  range  due  to  the  loss,  degradation,  and  fragmenta¬ 
tion  of  sagebrush  habitat  throughout  the  West.  However, 
the  northwestern  Colorado  population  of  sharp-tailed 
grouse  is  the  largest  within  the  state  and  apparently  stable, 
and  it  may  represent  an  important  conservation  opportu¬ 
nity  (Giesen  and  Braun  1993). 

The  Yampa  River  watershed  may  also  provide  one  of  the 
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necessary  functional  landscapes  for  regional-scale  species 
in  the  area.  Bald  eagles  ( Haliaeetus  leucocephalns)  nest 
along  the  Yampa  River  during  the  summer,  several  hun¬ 
dred  greater  sandhill  cranes  ( Grus  canadensis  tabida)  use 
the  valley  as  a  critical  staging  area  during  their  spring  and 
fall  migrations,  and  many  neotropical  migratory  birds  nest 
and  forage  within  the  riparian  corridor.  Adequate  protec¬ 
tion  of  such  regional-scale  species  obviously  requires 
more  than  just  the  Yampa  River  watershed.  However,  TNC 
biologists  may  need  to  explicidy  consider  these  regional- 
scale  species  in  their  conservation  and  management 
efforts.  Further  information  is  needed  before  the  conser¬ 
vation  effort  at  Yampa  River  can  undergo  a  second  expan¬ 
sion  in  scope,  but  such  issues  illustrate  the  multiscale,  iter¬ 
ative  process  we  advocate  in  this  article. 

Composition  and  structure.  Clearing  for  agriculture, 
lumber,  and  firewood  has  direcdy  altered  riparian  vegeta¬ 
tion  along  the  Yampa  River  since  European  setdement  in 
the  1870s.  Although  much  of  the  clearing  occurred  before 
1938,  when  the  first  aerial  photographs  were  taken,  total 
cover  of  mature  cottonwood  forest  along  the  Yampa  River 
near  Hayden,  Colorado,  declined  by  18%  between  1938 
and  1989.  Even  more  striking,  the  average  size  of  mature 
stands  declined  by  62%  during  that  period  (Noble  1993). 

In  addition  to  these  broad-scale  changes,  the  remaining 
forest  stands  have  changed  in  composition  and  structure. 
Historic  aerial  photographs  indicate  that  in  heavily  used 
areas,  the  crowns  of  individual  trees  were  more  widely 


Figure  4.  Conceptual 
ecological  model  of 
riparian  patch 
dynamics  along  the 
Yampa  River, 

Colorado .  Boxes 
indicate  the  various 
patch  types  within  the 
riparian  mosaic,  solid 
arrows  indicate  biotic 
succession,  and  dashed 
arrows  represent 
geomorphic  changes.  . 
Figure  reprinted  from 
Richter  (1999). 

spaced  than  in  more 
inaccessible  areas  (such 
as  islands).  Thinning 
presumably  increased 
light  availability  and 
the  abundance  of 
shade-intolerant  grass¬ 
es  for  livestock  forage 
while  decreasing  native 
shade-tolerant  under- 
story  species.  Today, 
many  previously  thinned  stands  have  responded  by  asexu¬ 
al  root  sprouting  and  filling  in  gaps  with  young  cotton¬ 
wood  trees  (Richter  1999),  resulting  in  mixed-aged  stands. 
A  more  typical  age  structure  of  cottonwood  forests  con¬ 
sists  of  even-aged  cohorts  of  trees  that  result  from  stand 
establishment  during  episodic  flood  events.  Forest  thin¬ 
ning  and  subsequent  asexual  reproduction  may  have  also 
resulted  in  decreased  genetic  diversity  within  stands 
(Richter  1999).  Evaluating  such  changes  in  the  composi¬ 
tion  and  structure  of  the  Yampa  River’s  riparian  mosaic 
has  helped  elucidate  appropriate  restoration  strategies 
capable  of  reversing  these  trends. 

Dominant  environmental  regimes.  To  increase 
understanding  of  the  dynamic  fluvial  processes  that  shape 
and  sustain  the  focal  biodiversity  along  the  Yampa  River, 
TNC  developed  a  conceptual  ecological  model  of  the 
riparian  ecosystem  (Figure  4;  Richter  1999).  Construction 
of  the  model  helped  to  define  the  complex  relationships 
between  hydrologic  and  geomorphic  processes  and  the 
internal  patch  types  that  make  up  the  riparian  mosaic, 
thus  highlighting  the  key  environmental  regimes  that 
must  be  conserved. 

A  quantitative  computer  simulation  model  was  subse¬ 
quently  developed  to  determine  the  extent  to  which  past 
or  future  human  influences  alter  these  relationships.  The 
model  was  developed  for  a  19  km  reach  of  the  riparian 
corridor  upstream  from  Hayden.  Data  sources  for  model 
construction  and  calibration  included  geographic  infor- 
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Figure  5.  Simulation  ofYampa  River  riparian  dynamics. 

Variability  in  the  abundance  of  mature  cottonwood 
patches  within  the  riparian  ecosystem  (from  Figure  4)  is 
predicted  by  a  simulation  model  over  a  500-year  period 
associated  with  natural  and  altered  flooding  regimes 
(Richter  and  Richter  in  press).  The  graph  illustrates  the 
predicted  abundance  of  mature  cottonwood  with  natural 
flooding  regime,  with  cumulative  annual  flooding 
duration  limited  to  a  maximum  of  10  days  each  year  fie., 
flood  control),  and  with  no  flooding.  Restricting  flood 
duration  to  a  maximum  of  10  days  each  year  shortened 
floods  in  22%  of  the  simulation  years.  Floods  were 
defined  as  the  flow  equal  to  or  greater  than  125%  of 

bankfull  discharge. 


mation  system  (GIS)  maps  of  the  riparian  ecosystem 
derived  from  aerial  photography,  analysis  of  existing  long¬ 
term  streamflow  records,  calculation  of  geomorphic 
process  rates  (e.g.,  lateral  channel  migration),  sampling  of 
vegetation  composition  and  structure,  and  tree  dating 
(Richter  1999). 

State  variables  used  in  the  simulation  model  were  the 
internal  patch  types  that  make  up  the  Yampa  River’s  ripar¬ 
ian  mosaic  as  defined  by  the  conceptual  model  in  Figure  4. 
The  model  simulated  changes  in  the  area  and  proportion 
of  each  patch  type  (i.e.,  percentage  of  the  riparian  area 
occupied)  over  time.  Initial  values  for  the  area  occupied  by 
|each  patch  type  were  derived  from  a  1938  vegetation  map. 
Fluxes  among  state  variables  (represented  by  the  arrows  in 
Figure  4)  were  computed  in  the  model  by  sets  of  difference 
equations  that  were  updated  during  annual  time  steps. 
These  equations  represented  the  rates  at  which  internal 
patch  creation  and  destruction  were  expected,  based  on 
various  levels  of  flooding  and  rates  of  plant  succession. 
Patch-type  abundance  predicted  at  the  end  of  the  simula¬ 
tion  period  (1938-1989)  was  compared  to  actual  patch- 
type  abundance  in  1989  as  determined  from  aerial  photos. 

Discrepancies  between  model  results  and  actual  data 
initiated  several  new  observations  and  insights.  Channel 
sinuosity  and  lateral  channel  migration  rates  had  changed 
relatively  abruptly  over  the  simulation  period,  suggesting 
channel  instability.  The  Yampa  River  may  have  crossed  a 
geomorphic  threshold  from  a  meandering  to  a  braided 
channel.  Narrowleaf  cottonwood  requires  fresh  alluvial 
deposits  for  seedling  establishment,  where  subsequent 
floods  will  not  destroy  newly  germinated  seedlings. 
Although  sufficient  fresh  depositional  surfaces  were  still 
being  produced  in  recent  decades,  these  deposits  no  longer 
formed  within  protected  meander  bends  but  instead 
formed  as  mid-channel  islands  and  lateral  bars.  Such 
changes  in  geomorphic  processes  have  direct  implications 
for  cottonwood  establishment,  and  they  likely  result  in 
part  from  decreased  bank  stability  due  to  deforestation  of 
stream  banks  during  the  past  century  (Richter  1999). 

After  recalibration  and  validation  of  current  and  his¬ 
toric  conditions,  the  model  was  used  to  explore  the  poten- 


Number  of  simulation  years 


tial  impacts  of  future  hydrologic  alterations  due  to  a  grow¬ 
ing  human  population  in  the  Yampa  River  watershed 
(Richter  and  Richter  in  press).  Statistical  evaluation  of 
many  flood  variables  (e.g.,  magnitude  of  flood  peak,  dura¬ 
tion  of  bankfull  flow)  during  model  development  suggest¬ 
ed  that  the  duration  of  floods  may  be  the  most  important 
variable  driving  riparian  dynamics.  If  the  annual  number 
of  days  in  which  streamflow  exceeded  125%  of  the  bank- 
full  discharge  were  limited  to  14  days  or  less,  then  the 
mean  abundance  of  some  patch  types,  such  as  mature  cot¬ 
tonwood,  would  deviate  outside  the  90%  confidence  lim¬ 
its  of  natural  flow  regime  simulations  (Figure  5;  Richter 
and  Richter  in  press).  Thus,  the  natural  variability  in  flood 
duration  will  need  to  be  conserved  in  the  future  to  main¬ 
tain  the  current  level  of  functionality  at  this  site. 

Minimum  dynamic  area.  The  minimum  dynamic 
area  for  the  Yampa  River  riparian  ecosystem  must  main¬ 
tain  recolonization  sources  for  each  internal  patch  type 
and  provide  room  for  the  geomorphic  processes  that 
reshape  the  floodplain  and  create  and  destroy  the  com¬ 
plete  array  of  patch  types.  Human  alteration  of  riparian 
vegetation,  along  with  an  associated  reduction  in  the 
width  of  the  riparian  corridor,  may  have  important  rami¬ 
fications  for  minimum  dynamic  area.  Remaining  stands  of 
riparian  vegetation  are  primarily  located  adjacent  to  the 
active  stream  channel.  Preferential  clearing  of  vegetation 
has  eliminated  stands  on  the  outer  edges  of  the  floodplain 
that  would  be  most  secure  from  catastrophic  floods.  Not 
only  is  riparian  vegetation  more  vulnerable  to  widespread 
destruction  by  floods,  but  future  sources  of  propagules  for 
post-disturbance  recovery  may  also  be  severely  reduced  as 
a  result  of  a  narrowed  and  fragmented  riparian  corridor. 

Extensive  human  alteration  of  riparian  vegetation  has 
made  it  difficult  to  determine  the  natural  extent  (particu¬ 
larly  the  width)  of  the  riparian  corridor  before  European 
setdement  However,  geologic  maps  depict  the  extent  of 
alluvial  deposits,  which  can  be  used  to  approximate  the 
river’s  active  “meander  belt”  since  the  Pleistocene.  These 
alluvial  deposits  are  equivalent  to  the  maximum  potential 
extent  of  the  riparian  ecosystem  over  the  long  term.  Even 
the  largest  contemporary  flood  is  unlikely  to  eliminate 
vegetation  across  the  entire  width  of  the  meander  belt, 
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allowing  some  refugia  and  sources  of  propagules  for  recol¬ 
onization. 

However,  the  exact  extent  of  the  minimum  dynamic 
area  for  this  riparian  ecosystem  remains  undefined,  and  it 
likely  differs  from  the  maximum  potential  floodplain.  Fur¬ 
ther  analysis  is  warranted  to  more  precisely  define  mini¬ 
mum  dynamic  area.  In  the  interim,  restoration  of  previ¬ 
ously  cleared  areas  located  at  the  outer  fringes  of  the 
floodplain  and  revegetation  of  denuded  stream  banks 
should  be  considered  a  high  priority  because  they  would 
help  restore  geomorphic  processes.  Until  a  catastrophic 
flood  occurs,  the  long-term  implications  of  an  altered 
floodplain  may  not  be  realized. 

Connectivity*  A  great  deal  of  ecosystem  and  species 
diversity  along  the  Yampa  River  is  attributable  to  the  steep 
elevation  gradients  in  the  watershed.  The  ability  of  the 
riparian  ecosystem  and  associated  species  within  the 
watershed  to  shift  their  elevation  range  as  global  climate 
change  occurs  may  be  critical  to  their  long-term  persis¬ 
tence.  Therefore,  representation  of  the  entire  elevation 
gradient  along  the  Yampa  River,  from  high-elevation 
headwater  tributaries  to  lower-elevation  reaches  within 
the  Wyoming  Basin  region,  will  likely  be  important  for 
conservation  of  focal  biodiversity. 

Longitudinal  connectivity  between  protected  riparian 
areas  within  the  watershed  will  also  be  important  to  main¬ 
tain  flows  of  energy,  matter,  and  species.  For  example, 
propagules  of  riparian  species  commonly  originate 
upstream  or  upwind  of  the  open  sand  bars  where  they  ger¬ 
minate.  Lateral  connectivity — particularly  the  interface  of 
the  riparian  mosaic  with  uplands — is  also  important, 
especially  if  the  conservation  focus  expands  to  include 
coarse-  or  regional-scale  biodiversity.  Currently,  the  longi¬ 
tudinal  connectivity  of  this  system  has  not  been  signifi¬ 
cantly  altered  within  the  watershed,  but  clearing  of  ripari¬ 
an  forest  has  compromised  lateral  connectivity. 

Conclusions 

The  Yampa  River  case  study  illustrates  the  importance  and 
challenge  of  clearly  defining  the  focus  and  scale  of  biodi¬ 
versity  conservation  at  a  given  site.  Evaluating  the  four 
functional  attributes  relative  to  the  target  riparian  ecosys¬ 
tem  also  provided  important  insights  into  management 
and  restoration  strategies  needed  to  conserve  the  site. 

Applying  the  core  concepts  articulated  in  this  artide  to 
other  conservation  sites  is  essential  because  effective  bio¬ 
diversity  conservation  depends  on  functionality.  Existing 
conservation  areas,  as  well  as  remaining  undeveloped  or 
moderately  altered  areas,  should  be  evaluated  for  their 
optimum  potential  to  conserve  biodiversity  at  multiple 
scales.  In  particular,  it  is  critically  important  to  identify 
and  prioritize  all  remaining  functional  landscapes  for 
future  conservation.  Such  areas  will  likely  remain  viable 
over  long  time  frames  and  provide  the  diverse  environ¬ 
mental  gradients  and  regimes  necessary  for  biodiversity  to 


respond  to  global  change. 

Yet,  even  with  the  integrated,  multiscale  framework  pre¬ 
sented  in  this  article,  great  challenges  exist  for  conserva¬ 
tion  practitioners.  The  natural  ranges  of  variability  for 
most  patterns  and  processes  will  remain  imperfectly 
known,  with  the  possible  exception  of  dominant  processes 
that  have  been  monitored  for  long  periods  (e.g.,  flooding 
regimes).  Moreover,  practitioners  must  somehow  decide, 
based  on  extremely  limited  knowledge,  the  extent  and  level 
to  which  human  impacts  can  be  tolerated.  A  high  priority 
for  research  is  therefore  to  identify  levels  or  thresholds  of 
human  alteration  to  natural  ranges  of  variability  that  lead 
to  unacceptable  impoverishment  of  biodiversity. 

The  ability  to  incorporate  the  criteria  we  have  outlined 
in  applied  conservation  decisions  is  rapidly  increasing  as 
new  tools  and  techniques  (e.g.,  GIS,  remote  sensing 
imagery,  simulation  modeling,  and  long-term  data  sets) 
become  available.  New  ecological  research,  increasing 
availability  of  powerful  new  technologies  for  assessing 
ecological  systems,  and  growing  conservation  focus  on  the 
dynamic  nature  of  ecological  systems  will  all  help  practi¬ 
tioners  incorporate  ecosystem-  and  landscape-level  con¬ 
cepts  into  biodiversity  conservation  to  the  greatest  extent 
possible. 
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Introduction 

Longleaf  pine  forests  once  dominated  the  landscape  of  the  southeastern  United  States. 

In  their  natural  state,  these  open-structured  forests  have  a  high  diversity  of  groundcover 
species  and  are  maintained  by  fire.  These  habitats  represent  some  of  the  most  species-rich  in 
the  world,  outside  of  the  tropics  (Peet  and  Allard  1993).  Today,  only  2%  remains,  much  of 
which  is  fragmented  and  fire-suppressed  (Myers  1990). 

Reduction  of  hardwood  encroachment  into  the  midstory,  which  has  occurred  in  die 
absence  of  fire,  is  very  important  for  the  purposes  of  maintaining  diversity  and  threatened 
and  endangered  species,  as  well  as  for  pine  production.  Opening  the  midstory  can  be 
accomplished  with  prescribed  fire;  however,  due  to  management  obstacles  (e.g.,  smoke 
management,  need  for  rapid  hardwood  reduction,  concern  about  damage  to  pines), 
alternative  methods  have  been  explored  (e.g.,  mechanical  felling/girdling,  herbicide 
application).  Care  must  be  taken  when  using  these  methods,  due  to  the  likelihood  of  soil 
disturbance  occurring  when  using  mechanical  techniques  and  mortality  of  non-target  species 
with  herbicide  application. 

Herbicides  were  applied  to  552,000  acres  of  forest  lands  in  the  southeast  in  1992  to 
control  woody  and  herbaceous  species  (Fallis  1993).  While  herbicide  application  is  a 
generally  accepted  and  widely  used  practice  for  site  preparation  in  regeneration  of  pine 
plantations,  and  increasingly  for  mid-rotation  release  from  competition,  little  is  known  about 
the  effects  on  non-target  species.  The  available  information  comes  mainly  from  studies 
conducted  in  pine  plantations,  with  very  few  experiments  performed  in  natural  forested 
habitat.  Our  goal  was  to  compile  the  published  data  and  document  the  effect  of  different 
herbicides  on  groundcover  vegetation. 


Methods 

We  conducted  an  intensive  literature  search  regarding  the  effects  of  herbicides  on 
groundcover  vegetation  in  southern  pinelands.  Publications  were  obtained  through 
computerized  and  traditional  literature  searches  and  by  communicating  with  experts 
(Appendix  1).  To  be  included,  studies  had  to  have  a  valid  experimental  design  (i.e.,  a  no¬ 
treatment  control  and  replicates),  be  conducted  in  sandhills,  flatwoods,  or  pine  plantations  in 
the  southeast,  and  include  quantitative  data  for  species  groups  or  particular  species  of 
interest  (e.g.,  threatened  and  endangered  species).  Threatened  and  endangered  species  were 
identified  using  federal,  state,  and  Nature  Conservancy  Natural  Heritage  ranks  (Mississippi 
Natural  Heritage  Program  1997,  Marois  1998).  Wiregrass  (Aristida  beyrichiana,  formerly 
Aristida  stricta,  Peet  1993)  was  added  to  this  group  for  examination.  Wiregrass  is  potentially 
sensitive  to  soil  disturbance  (Clewell  1989)  and  a  significant  species  in  fire  management  and 
the  conservation  of  longleaf  pine  systems.  We  also  eliminated  food  plot  studies  for  wildlife 
or  pure  weed  control  studies. 

More  than  125  studies  were  examined,  from  which  21  useable  studies  were  identified. 
Data  were  extracted  from  text,  figures,  and/ or  tables  and  some  grouping  was  performed 
(Appendix  2).  Spedes/life  form  groups  were  condensed  to  create  5  categories:  1)  total;  2) 
herbaceous  (includes  forbs,  legumes,  non-legumes,  ferns,  and  other  herbaceous  plants);  3) 
woody  (includes  arborescent,  non-arborescent,  woody,  and  semi-woody  plants);  4) 
graminoids  (includes  grasses,  sedges,  and  grass-like  plants);  and  5)  woody  vines.  Response 
variables  were  grouped  into  species  richness.  Shannon  diversity,  Simpson  diversity, 
importance  value,  cover,  density,  frequency,  or  biomass.  Some  response  variables  were  not 
included  due  to  infrequent  use  in  the  studies  examined  (e.g..  Hill’s  index).  No  data  were 
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included  regarding  pines  or  oaks  (e.g.,  height,  mortality),  as  we  were  only  interested  in  the 
impacts  on  the  groundcover  plant  community.  We  only  included  data  corresponding  to  no¬ 
treatment  control  and  herbicide  treatment  plots  (i.e.,  no  combination  treatments  such  as 
herbicide  +  fertilization).  If  multiple  years  of  data  were  provided,  we  only  included  data 
from  immediately  post-treatment  and  the  last  year  of  the  study,  and  these  values  were 
averaged,  to  reduce  complexity. 

Some  studies  reported  means  adjusted  for  the  pre-treatment  condition,  but  most  did 
not  The  pre-treatment  effect  for  control  and  treated  areas  was  accounted  for  by  calculating: 


■  post-treatment 


J/X 


pre-treatment* 


We  then  calculated  the  %  change  in  value  compared  to  the  control  (impact  of  the  herbicide), 


_  Y 

treatment  control 


J/X, 


to  obtain  a  relative  measure.  All  data  were  grouped  by  two  natural  habitats  (fktwoods  and 
sandhills)  and  one  artificial  habitat  (pine  plantations),  herbicide,  response  variable,  and 
category.  For  studies  using  the  same  herbicide,  we  compiled  data  by  calculating  the  weighted 
average  of  the  %  change  in  value  (weighted  by  the  number  of  replicates,  nj. 


[  (X,  *  n,)  +  (Xa  *  nj)  +  ...  +  (X;  *  nj)  ]  /  (n,  +  n2  +  ...  +  nj). 


Results 

Overview 

The  most  telling  result  of  this  literature  survey  is  the  small  number  of  studies  that 
document  herbicide  effects  on  groundcover  plants  (Table  1).  The  paucity  of  data  is 
especially  evident  in  natural  flatwoods  and  sandhills  where  we  found,  respectively,  3  and  7 
studies.  Moreover,  at  least  six  different  herbicides  were  used  among  these  studies.  A  greater 
number  of  cases  (31)  were  found  in  pine  plantations  where  weed  control  was  the 
predominant  reason  for  herbicide  application  (Table  1).  Despite  the  greater  number  of 
studies  involved,  a  greater  number  of  herbicides  and  unique  herbicide  combinations  were 
also  employed,  sometimes  repeatedly.  These  differences  hindered  generalizations. 

Flatwoods 

All  herbicides  used  in  flatwoods  reduced  species  richness  and  cover  of  herbaceous  and 
woody  plants  (Table  2).  The  weakest  effect  was  a  5.13%  decrease  in  herbaceous  species 
richness  compared  to  the  control  due  to  Pronone®  (Wilkins  et  al.  1993a).  The  strongest 
effect  was  a  decline  of  71.8%  in  total  species  richness  using  a  mixture  of  sulfometuron, 
glyphosate,  and  triclopyr  (Neary  et  al.  1991).  In  the  one  study  that  documented  effects  on 
cover,  both  herbaceous  (27.2%)  and  woody  vegetation  (58.6%)  declined  after  Pronone® 
application  (Wilkins  et  al.  1993a). 

Sandhills 

Herbicide  effects  were  more  heterogeneous  in  sandhills.  As  expected,  understory  woody 
cover  and  density  decreased  following  hexazinone  application  (10.3  to  55.9%  depending  on 
herbicides)  (Boyer  1990,  Wilkins  et  al.  1993a,  Wilkins  et  al.  1993b,  Brockway  et  al.  1998, 
Provencher  et  al.  2000b,  Provencher  et  al.,  unpublished  datd),  whereas  woody  biomass 
increased  by  105.3%  with  2,4  D  (Kush  et  al.  1999)  (Table  2).  Graminoid  density  and  cover 
increased  with  ULW®  and  Velpar-L®  application  (Wilkins  et  al.  1993b,  Brockway  et  al.  1998, 
Provencher  et  aL  2000b,  Provencher  et  al,  unpublished  datd).  Herbaceous  cover  experienced 
mixed  effects:  49.8%  increase  with  ULW®  (Brockway  et  aL  1998,  Provencher  et  al., 
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unpublished  data)  as  compared  with  33%  and  21.5%  decreases  with  Pronone®  and  Velpar-L®, 
respectively  (Wilkins  et  al.  1993a,  Wilkins  et  al.  1993b,  Brockway  et  al.  1998). 

The  effect  on  species  richness  depended  on  the  herbicide  (type  and  application  rate),  and 
therefore  the  different  studies.  Pronone®  and  ULW®  decreased  species  richness  by  55.2% 
(herbaceous)  (Wilkins  et  al.  1993a)  and  81%  (total)  (Brockway  et  al.  1998,  Provencher  at  al. 
2000b),  respectively,  whereas  2,4  D  and  Velpar-L®  resulted  in  moderate  increases  by  6.4% 
and  12%  (total)  (Brockway  et  al.  1998,  Kush  et  al.  1999). 


jlantations 


Due  to  the  large  number  of  herbicides,  unique  combinations  used,  and  the  heterogeneity 
of  response  variables,  it  was  difficult  to  find  commonality  in  the  results  (Table  2).  Most 
herbicides  increased  herbaceous  species  richness  with  values  ranging  from  10.5%  (dicamba 
+  2,4  D)  to  84.7%  (picloram)  (Miller  et  al.  1999).  Not  surprisingly,  woody  species  richness 
was  negatively  affected  by  all  herbicides  but  declines  never  exceeded  17.2%  (imazapyr) 

(Boyd  et  al.  1995).  Graminoid  species  richness  decreased  by  16.7%  with  Velpar-L®  (Boyd  et 
al.  1995,  Miller  et  al.  1999)  but  increased  by  30.8%  with  triclopyr  (Miller  et  al.  1999),  with 
other  herbicides  yielding  intermediate  values  (Table  2).  Herbicides  generally  decreased  total 
species  richness,  with  the  largest  reduction  produced  by  Pronone®  (11.2%)  (Blake  1986, 
Hurst  and  Blake  1987,  Boyd  et  al.  1995,  Miller  et  al.  1999).  Triclopyr  (Miller  et  al.  1999)  and 
glyphosate  (Boyd  et  al.  1995,  Miller  et  al.  1999)  increased  total  richness  by  10.9%  and  8.7%, 
respectively. 


Importance  value  was  reported  for  many  different  herbicides  (Boyd  et  al.  1995,  Miller  et 
al  1999)  (calculated  slightly  differently  using  the  same  component  variables)  (Table  2).  The 
importance  value  of  graminoids  was  unchanged  by  picloram,  but  increased  with  other 
herbicides  by  as  much  as  56.1%  (triclopyr)  (Miller  et  al.  1999).  Herbaceous  importance  value 
only  decreased  by  27.4%  with  the  combination  of  dicamba  and  2,4  D,  whereas  it  increased 
by  as  much  as  133.3%  under  picloram  application  (Miller  et  al.  1999).  This  latter  value  was 
at  least  twice  the  increase  reported  for  other  herbicides  (e.g.,  Velpar-L®)  and  their 
combinations.  The  effect  of  different  herbicides  on  the  importance  value  of  woody  species 
was  very  heterogeneous:  a  maximum  52.5%  increase  was  found  with  imazapyr  (Boyd  et  al. 
1995),  whereas  the  greatest  decrease  was  detected  for  triclopyr  (19.8%)  (Miller  et  al.  1999). 

A  little  more  than  half  die  herbicides  demonstrated  reductions  in  this  parameter. 

Percent  cover  was  the  other  most  commonly  reported  response  variable,  but  it  was  most 
closely  associated  with  studies  using  unique  combinations  of  herbicides.  As  expected, 
woody  cover  generally  declined  after  application.  The  largest  decrease  of  92.8%  was  found 
for  a  combination  of  triclopyr,  glyphosate,  and  sulfometuron  applied  repeatedly  for  11  years 
(Zutter  and  Miller  1998).  A  combination  of  triclopyr  and  glyphosate  applied  annually  for  5 
years  generated  the  only  increase  (150%)  in  woody  cover  (Miller  et  al.  1995).  Herbaceous 
cover  varied  gready  between  studies  even  when  using  combinations  of  the  same  herbicides, 
which  may  be  due  to  differences  in  application  sequences  and  rates.  A  combination  of 
sulfometuron  applied  twice  and  glyphosate  applied  three  times  decreased  herbaceous  cover 
by  97.5%,  the  greatest  decline  noted  (Zutter  et  al.  1986).  A  sequence  of  triclopyr  applied 
twice  followed  by  a  mixture  of  triclopyr  and  glyphosate  produced  a  maximum  70.9% 
increase  in  herbaceous  cover  (Lauer  and  Glover  1998).  However,  triclopyr  alone  resulted  in 
a  43.8%  increase  when  applied  once  (Lauer  and  Glover  1998)  or  60%  decrease  when  applied 
twice  (Zutter  and  Miller  1998).  Only  two  studies  reported  cover  values  for  graminoids:  a 
combination  treatment  of  Velpar-L  ,  triclopyr,  imazapyr,  and  glyphosate  reduced  graminoids 


by  113.2%  (Harrington  and  Edwards  1999)  whereas  triclopyr  and  glyphosate,  applied 
annually  for  5  years,  barely  increased  it  by  2%  (Miller  et  al.  1995). 

A  few  studies  reported  density,  frequency,  or  biomass  as  response  variables  (Table  2). 
Herbaceous  biomass  closely  mimicked  cover  in  three  cases  (Zutter  et  al.  1986,  Zutter  et  al. 
1987).  Iitde  can  be  said  about  density  and  frequency  due  to  the  paucity  of  studies. 

Species  of  Special  Concern 

Results  for  species  of  concern  come  from  six  studies  conducted  over  several  years  (Table 
3).  We  included  wiregrass  in  this  category  as  it  is  an  important  fuel  in  many  natural 
pinelands.  Pronone®  decreased  wiregrass  (all  A,  stricta  data  refer  to  A.  beyrichiand)  by  as 
much  as  142%  at  intermediate  or  higher  rates  of  application  (Wilkins  et  al.  1993a).  Other 
studies,  however,  reported  increases  of  7480%  with  Velpar-L®  (Wilkins  et  al.  1993b), 
although  the  same  herbicide  applied  elsewhere  at  approximately  the  same  rates  yielded  more 
moderate  increases  of  22.3%  (Brockway  et  al.  1998).  Triclopyr  initially  increased^. 
beyrichiana  frequency  by  204.8%  in  south  Mississippi  flatwoods,  but  then  the  same  population 
was  decreased  by  329.8%  5  months  later  compared  to  control  plots  (Clewell  and  Lasley 
1998,  Trial  1).  Three  years  after  ULW®  application,  hairy  wild  indigo  ( Baptisia  calycosa  var. 
villosa )  and  pineland  hoary  pea  (Tephrosia  mohrit)  densities  were  all  reduced  by  100%  and 
59.7%,  respectively  (the  first  and  third  year  post-treatment  are  consistent)  (Provencher  et  al 
2000b).  The  100%  decrease  reported  for  B.  calycosa  var.  villosa  may  be  an  artifact  of  small 
numbers.  Again  in  south  Mississippi  flatwoods,  beardgrass  (Andropogoti  capillipes )  decreased 
by  162.5%  with  triclopyr,  but  frequencies  were  generally  too  low  to  calculate  a  percent 
change  compared  to  the  control  (Clewell  and  Lasley  1998).  Low  numbers  also  prevented  us 
from  measuring  herbicide  effects  on  myrde  holly  (Ilex  myrtifolid),  huckleberry  ( Gaylussacia 
jrondosa ),  and  coastal  plain  beak  sedge  (Rhyncospora  siettophylld)  (Clewell  and  Lasley  1998). 

Discussion 

Our  most  notable  finding  was  that  the  effects  of  herbicides  on  understory  vegetation  in 
natural  flatwoods  and  sandhills  have  rarely  been  measured.  In  addition,  we  found  a  dearth 
of  data  on  plant  species  because  authors  preferred  grouping  them  as  weeds,  grasses,  herbs, 
and  so  on.  Therefore,  it  was  generally  not  possible  to  distinguish  between  the  responses  of 
desirable  and  undesirable  species.  This  is  troublesome  because  the  effects  on  species  of 
management  concern  cannot  generally  be  evaluated.  For  instance,  when  numbers  were 
sufficient  to  calculate  percent  change,  three  threatened  species  in  Mississippi,  namely  B. 
calycosa  var.  villosa,  T.  mohrit,  and  vt  capillipes,  all  showed  negative  responses  to  the  herbicides 
tested.  Wiregrass  was  either  stimulated  or  decreased,  sometimes  by  the  same  herbicide,  in 
different  studies. 

It  is  not  clear  that  results  from  pine  plantations,  which  included  a  greater  number  of 
studies,  apply  to  natural  forests  because  of  the  preponderance  of  early  successional  species 
associated  with  the  disturbed  soils  (Grelen  1962,  Campbell  1983,  Conde  et  al  1983, 
Provencher  et  al.  2000a).  As  reported  in  many  plantation  studies,  weed  control  was  the 
reason  to  apply  herbicides,  suggesting  the  presence  of  aggressive  ruderal  species.  This  fact 
would  also  explain  the  elaborate  combinations  and  repeated  applications  of  herbicides  more 
commonly  reported  in  pine  plantations  than  in  natural  forests.  Therefore,  studies  may  be 
reporting  mote  conservative  values  for  herbaceous  and  graminoid  control  because 
herbaceous  weeds  may  show  a  greater  resistance  to  herbicides  than  herbaceous  non-weedy 
species. 
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Although  herbicides  on  flatwood  vegetation  uniformly  reduced  species  richness  and 
herbaceous  and  woody  cover,  the  same  cannot  be  said  about  sandhills.  The  general  pattern 
for  sandhills  was  a  decrease  in  woody  species  associated  with  an  increase  in  graminoids  after 
herbicide  application.  The  responses  of  species  richness  and  herbaceous  cover  or  density 
were  mixed  and  rarely  exceeded  100%.  Because  so  few  studies  were  involved,  it  was  not 
possible  to  determine  if  the  herbicides  or  the  study  were  the  source  of  variation. 

A  troubling  aspect  of  the  herbicide  literature  we  examined  was  the  lack  of  experimental 
rigor  and  inconsistent  reporting  standards.  A  large  number  of  studies  lacked  experimental 
designs,  lacked  clear  descriptions  of  their  designs  and/ or  methods,  were  poorly,  if  at  all 
replicated,  lacked  a  control,  performed  no  pre-treatment  sampling,  performed  incorrect  or 
no  statistical  analyses,  reported  no  measure  of  variability  (thus  we  could  not  perform  meta¬ 
analysis  [Gurevitch  and  Hedges  1999]),  or  only  presented  response  variables  as  percent 
control  without  giving  any  of  the  numbers  that  led  to  this  derivation.  The  studies  we  used 
were  among  the  better  ones,  but  many  retained  the  least  serious  of  these  problems  and  only 
two  studies  reported  standard  errors  or  deviations.  Finally,  the  fragmented  nature  of 
response  variables  and  herbicide  choices  was  our  greatest  challenge  to  reach  general 
conclusions. 

The  above  findings  suggest  that  the  widespread  use  of  herbicides  to  control  hardwoods 
in  public  and  private  southern  pinelands  (Fallis  1993)  may  be  premature  if  concerned  about 
non-target  effects.  Additional  studies  are  needed  before  large  landscapes  should  be  treated. 
Furthermore,  should  agencies  and  private  land  owners  decide  to  pay  for  the  greater  cost  of 
herbicide  application  relative  to  prescribed  burning  (Provencher  et  al  2000b), 
implementation  of  rigorous  experimental  designs  free  of  the  problems  listed  above  and  a 
deliberate  effort  to  track  species  of  management  concern  should  be  the  norm.  This  is 
especially  true  of  public  lands,  which  are  extensive  and  more  likely  subject  to  large  aerial 
application,  that  have  a  greater  probability  to  impact  diversity  and  species  of  concern. 
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Table  1.  Studies  used  in  the  literature  review,  categori2ed  by  habitat  and  herbicide. 


Herbicide 

#  of  cases 

Studies 

Flatwoods 

4 

Hexazinone  (Pronone) 

1 

Wilkins  et  al.  1993aa 

Sulfometuron 

1 

Neary  et  al.  1984 

Sulfometuron  methyl  +  triclopyr 

1 

Neary  etal.  1991 

Sulfometuron  methyl  +  sulfometuron  methyl  +  glyphosate  + 
glyphosate  +  [glyphosate  +  triclopyr]  (repeated) 

1 

Neary  et  al.  1991 

Sandhills 

10 

2,4  D 

2 

Boyer  1990, 

Kush  et  al.  1999 

Hexazinone  (Pronone) 

2 

Berish  1996, 

Wilkins  et  al.  1993a* 

Hexazinone  (ULW) 

3 

Berish  1996, 

Brockway  et  al.  1998, 
Provencher  et  al. 

2000b  &  unpublished 
data 

Hexazinone  (Velpar  L) 

3 

Berish  1996, 

Brockway  et  al.  1998*, 
Wilkins  et  al  1993b* 

Pine  plantations 

31 

Dicamba  +  2,4  D 

1 

Miller  et  al.  1999 

Glyphosate 

2 

Boyd  et  al.  1995, 

Miller  et  al.  1999 

Hexazinone  (Pronone) 

4 

Boyd  et  al.  1995, 

Blake  1996, 

Hurst  &  Blake  1987, 
Miller  et  al.  1999 


*  This  study  was  only  counted  once,  but  tests  the  effect  of  this  particular  herbicide  at  several  different  rates. 
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Herbicide 


#  of  cases 


Studies 


Hexazinone  (V elpar  L) 


Imazapyr 


Pidoram 


Tridopyr 


Glyphosate  +  sulfometuron  +  sulfometuron  +  glyphosate 
(repeated  as  needed) 

Hexazinone  (ULW)  +  sulfometuron  +  glyphosate  +  glyphosate 
+  sulfometuron 

Hexazinone  (Vdpar  L)  +  tridopyr  ester  +  imazapyr  + 
glyphosate 

Sulfometuron  +  glyphosate 

Sulfometuron  +  sulfometuron  +  glyphosate  +  glyphosate  + 
glyphosate 

Sulfometuron  (repeated  annually  for  1 1  years)  +  glyphosate 
(repeated  annually  for  3  years) 

Tridopyr  +  tridopyr  +  sulfometuron  (repeated  annually  for  11 
years)  +  glyphosate  (repeated  annually  for  3  years) 

Tridopyr  +  sulfometuron  +  glyphosate 

Tridopyr  +  tridopyr 

Tridopyr  +  tridopyr  +  [tridopyr  +  glyphosate] 

Tridopyr  +  glyphosate  (for  5  years) 

Tridopyr  ester  +  sulfometuron 


Tridopyr  +  tridopyr  +  [tridopyr  +  glyphosate]  +  sulfometuron 
+  glyphosate 


4 

1 

1 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 


Boyd  et  al.  1995, 
Blake  1996, 

Hurst  &  Blake  1987, 
Miller  et  al.  1999 

Boyd  et  al.  1995 

Miller  et  al.  1999 

Clewell  &  Lasley  1998 
(Trials  1  &  3), 

Lauer  &  Glover  1998, 
Miller  et  al.  1999 

Zutter  et  al.  1987 


Haywood  et  al.  1997 

Harrington  &  Edwards 
1999 

Lauer  &  Glover  1998 
Zutter  et  al.  1986 

Zutter  &  Miller  1998 

Zutter  &  Miller  1998 

Lauer  &  Glover  1998 

Zutter  &  Miller  1998 

Lauer  &  Glover  1998 

Miller  et  al.  1995 

Zutter  et  al.  1987, 
Zutter  et  al.  1986 

Lauer  &  Glover  1998 


Table  2.  The  number  of  studies,  total  number  of  replicates  (N),  average  percent  change  (averaged  by 
habitat  and  herbicide),  and  the  respective  study  for  each  response  variable,  categorized  by  habitat 
and  herbicide. 


Herbicide 

Response  variable 

#  of  studies 

TotalN 

Average 
%  change 

Studies 

FLATWOODS 

Hexazinone  (Pronone) 

Species  richness 

Herbaceous 

1 

9 

-5.13 

Wilkins  et  al.  1993a 

Woody 

1 

9 

-35.64 

Wilkins  et  al.  1993a 

Cover 

Herbaceous 

1 

9 

-27.24 

Wilkins  et  al.  1993a 

Woody 

1 

9 

-58.60 

Wilkins  et  al.  1993a 

Sulfometuron  methyl  + 
sulfometuron  methyl  + 
glyphosate  +  glyphosate  + 
[glyphosate  +  triclopyr] 
(repeated) 

Species  richness 

Total 

1 

108 

-71.78 

Neary  et  al.  1991 

Sulfometuron  methyl  + 
triclopyr 

Species  richness 

Total 

1 

150 

-30.19 

Neary  et  al.  1991 

SANDHILLS 

2,4  D 

Species  richness 

Total 

1 

3 

6.36 

Kush  et  al.  1999 

Herbaceous 

1 

3 

3.33 

Kush  et  al.  1999 

Woody 

1 

3 

6.49 

Kush  et  al.  1999 

Graminoids 

1 

3 

6.67 

Kush  et  al.  1999 

Woody  vines 

1 

3 

30.00 

Kush  et  al.  1999 

Density 

Woody 

1 

3 

67.05 

Boyer  1990 

Biomass 

Total 

1 

3 

82.70 

Kush  et  al.  1999 
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Herbicide 


Response  variable 


Studies 


Hexazinone  (Pronone) 


Hexazinone  (ULW) 


Herbaceous 


Woody 
Woody  vines 


#  of  studies  Total  N 


1  3 

1  3 

1  3 


Average 
%  change 

14.22  Kush  et  al.  1999 

105.36  Kush  etal.  1999 

12.32  Kush  etal.  1999 


Species  richness 

Herbaceous 

1 

9 

-55.16 

Wilkins  et  al.  1993a 

Woody 

1 

9 

-42.90 

Wilkins  et  al.  1993a 

Cover 

Total 

1 

4 

111.72 

Berish  1996 

Herbaceous 

1 

9 

-32.99 

Wilkins  et  al.  1993a 

Woody 

1 

9 

-55.89 

Wilkins  et  al.  1993a 

Species  richness 

Total 

2 

11 

-80.90 

Brockway  et  al.  1998, 
Provencher  et  al. 
2000b 

Shannon  diversity 

Total 

1 

5 

125.36 

Brockway  et  al.  1998 

Cover 

Total 

1 

4 

333.87 

Berish  1996 

Herbaceous 

2 

11 

49.79 

Brockway  et  al.  1998, 
Provencher  et  al., 
unpublished  data 

Woody 

2 

11 

-36.20 

Brockway  et  al.  1998, 
Provencher  et  al., 
unpublished  data 

Graminoids 

2 

11 

96.30 

Brockway  et  al.  1998, 
Provencher  et  al., 
unpublished  data 

Density 

Herbaceous 

1 

6 

15.47 

Provencher  et  al. 
2000b 

Woody 

1 

6 

-23.07 

Provencher  et  al. 
2000b 

Graminoids 

1 

6 

26.09 

Provencher  et  al. 
2000b 

Woody  vines 

1 

6 

-13.98 

Provencher  et  al. 
2000b 

Herbicide 

Response  variable 

#  of  studies 

TotalN 

Average 
%  change 

Studies 

Hexazinone  (VelparL) 

Species  richness 

Total 

Shannon  diversity 

1 

10 

11.93 

Brockway  et  al.  1998 

Total 

Cover 

1 

5 

18.57 

Brockway  et  al.  1998 

Total 

1 

4 

136.44 

Berish  1996 

Herbaceous 

2 

19 

-21.50 

Brockway  et  al.  1998, 
Wilkins  et  al.  1993b 

Woody 

2 

19 

-10.31 

Brockway  et  al.  1998, 
Wilkins  et  al.  1993b 

Graminoids 

2 

19 

698.28 

Brockway  et  al.  1998, 
Wilkins  et  al.  1993b 

PINE  PLANTATIONS 

Dicamba  +  2,4  D  Species  richness 

Total 

1 

4 

-3.64 

Miller  et  al.  1999 

Herbaceous 

1 

4 

10.46 

Miller  et  al.  1999 

Woody 

1 

4 

-4.41 

Miller  et  al.  1999 

Graminoids 

1 

4 

-3.08 

Miller  et  al.  1999 

Woody  vines 

1 

4 

-12.50 

Miller  et  al.  1999 

Simpson  diversity 

Total 

1 

4 

-2.20 

Miller  etal.  1999 

Shannon  diversity 

Total 

1 

4 

-7.14 

Miller  et  al.  1999 

Importance  value 

Herbaceous 

1 

4 

-27.38 

Miller  et  al.  1999 

Woody 

1 

4 

8.41 

Miller  et  al.  1999 

Graminoids 

1 

4 

14.29 

Miller  et  al.  1999 

Woody  vines 

1 

4 

-7.27 

Miller  etal.  1999 

Density 

Woody 

1 

4 

-50.00 

Miller  et  al.  1999 
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Herbicide 


Response  variable 


Studies 


Glyphosate  (Roundup) 


Glyphosate  +  sulfometuron 
+  sulfometuron  + 
glyphosate  (repeated  as 
needed) 


#  of  studies 


Species  richness 

Total  2 

Herbaceous  2 

Woody  2 

Graminoids  2 

Woody  vines  2 

Simpson  diversity 

Total  2 

Shannon  diversity 

Total  2 

Importance  value 

Herbaceous  2 

Woody  2 

Graminoids  2 

Woody  vines  2 

Density 

Woody  2 


Simpson  diversity 


Total  1 

Shannon  diversity 

Total  1 

Cover 

Herbaceous  1 

Biomass 

Herbaceous 


Tota/N 

Average 
%  change 

Studies 

7 

8.73 

Boyd  etal.  1995, 
Miller  et  al.  1999 

7 

43.78 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

-6.63 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

12.86 

Boyd  et  al.  1995, 
Mdler  etal.  1999 

7 

8.57 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

-0.30 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

3.21 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

16.03 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

-2.32 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

33.31 

Boyd  et  al.  1995, 
Miller  etal.  1999 

7 

-0.59 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

7 

-62.34 

Boyd  et  al.  1995, 
Mdler  et  al.  1999 

4 

74.91 

Zutter  et  al.  1987 

4 

-28.70 

Zutter  et  al.  1987 

4 

-84.28 

Zutter  et  al.  1987 

4 

-95.32 

Zutter  et  al.  1987 
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1 


4 


Herbicide 


Response  variable 


#  of  studies  Total  N  Average 

%  change 


Studies 


Hexazinone  (Pronone) 

Species  richness 

Total 

4 

17 

-11.20 

Boyd  et  al.  1995, 
Blake  1986, 

Hurst  &  Blake  1987, 
Miller  et  al.  1999 

Herbaceous 

2 

7 

38.36 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Woody 

2 

7 

-3.34 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Graminoids 

2 

7 

5.97 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Woody  vines 

2 

7 

-6.43 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Simpson  diversity 

Total 

2 

7 

-1.72 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Shannon  diversity 

Total 

2 

7 

1.17 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Importance  value 

Herbaceous 

2 

7 

19.37 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Woody 

2 

7 

-8.81 

Boyd  et  al.  1995, 
Miller  etal.  1999 

Graminoids 

2 

7 

8.47 

Boyd  et  al.  1995, 
Miller  etal.  1999 

Woody  vines 

2 

7 

9.90 

Boyd  et  al.  1995, 
Miller  et  al.  1999 

Density 

Woody 

2 

7 

0.78 

Boyd  et  al.  1995, 
MiUer  et  al.  1999 

Biomass 

Total 

1 

5 

-26.35 

Blake  1986 

Hexazinone  (ULW)  + 
sulfometuron  +  glyphosate 
+  glyphosate  + 

Density 

sulfometuron 

Woody 

1 

3 

-82.65 

Haywood  et  al.  1997 

Woody  vines 

1 

3 

35.76 

Haywood  et  al.  1997 
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Herbicide 


Response  variable 


#  of  studies  Total  N  Average 

%  change 


Studies 


Biomass 

Herbaceous 

1 

3 

-95.32 

Haywood  et  al.  1997 

Hexazinone  (V elpar  L) 

Species  richness 

Total 

4 

17 

-7.27 

Boyd  et  al.  1995, 
Blake  1986, 

Hurst  &  Blake  1987, 
Miller  et  al.  1999 

Herbaceous 

2 

7 

24.31 

Boyd  et  al.  1995, 
MiUer  et  al.  1999 

Woody 

2 

7 

-12.16 

Boyd  et  al.  1995, 
Miner  et  al.  1999 

Graminoids 

2 

7 

-16.74 

Boyd  et  al.  1995, 
MiUer  etal.  1999 

Woody  vines 

2 

7 

0.71 

Boyd  et  al.  1995, 
MiUer  etal.  1999 

Simpson  diversity 

Total 

2 

7 

-5.61 

Boyd  et  al.  1995, 
MiUer  etal.  1999 

Shannon  diversity 

Total 

2 

7 

-8.37 

Boyd  et  al.  1995, 
MiUer  et  al.  1999 

Importance  value 

Herbaceous 

2 

7 

57.71 

Boyd  et  al.  1995, 
MiUer  et  al.  1999 

Woody 

2 

7 

-15.87 

Boyd  et  aL  1995, 
MiUer  et  al.  1999 

Graminoids 

2 

7 

38.10 

Boyd  et  al  1995, 
MiUer  et  al.  1999 

Woody  vines 

2 

7 

24.99 

Boyd  et  al.  1995, 
MiUer  et  al.  1999 

Density 

Woody 

2 

7 

47.01 

Boyd  et  al.  1995, 
MUler  et  al.  1999 

Biomass 

Total 

1 

5 

-21.90 

Blake  1986 

Hexazinone  (VelparL)  + 
tticlopyr  ester  +  imazapyr  + 

Species  richness 

glyphosate 

Herbaceous 

1 

6 

20.00 

Harrington  & 
Edwards  1999 
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Herbicide 


Response  variable 


#  of  studies  Total  N  Average 

%  change 


Studies 


Imazapyr  (Arsenal) 


Picloram 


Cover 

Herbaceous  1 

Woody  1 

Graminoids  1 

Woody  vines  1 

Density 

Total  1 

Species  richness 

Total  1 

Herbaceous  1 

Woody  1 

Graminoids  1 

Woody  vines  1 

Simpson  diversity 

Total  1 

Shannon  diversity 

Total  1 

Importance  value 

Herbaceous  1 

Woody  1 

Graminoids  1 

Woody  vines  1 

Density 

Woody  1 

Species  richness 

Total  1 

Herbaceous  1 

Woody  1 

Graminoids  1 

Woody  vines  1 


6 

1.88 

Harrington  & 
Edwards  1999 

6 

-81.29 

Harrington  & 
Edwards  1999 

6 

-113.20 

Harrington  & 
Edwards  1999 

6 

129.02 

Harrington  & 
Edwards  1999 

6 

110.56 

Harrington  & 
Edwards  1999 

3 

-2.67 

Boyd  et  al.  1995 

3 

13.49 

Boyd  et  al.  1995 

3 

-17.25 

Boyd  et  al.  1995 

3 

-3.33 

Boyd  et  al.  1995 

3 

33.33 

Boyd  et  al.  1995 

3 

-9.78 

Boyd  et  al.  1995 

3 

-7.50 

Boyd  et  al.  1995 

3 

45.40 

Boyd  et  al.  1995 

3 

52.48 

Boyd  et  al.  1995 

3 

30.23 

Boyd  et  al.  1995 

3 

-3.62 

Boyd  et  al.  1995 

3 

-60.61 

Boyd  et  al.  1995 

4 

-3.64 

Miller  et  al.  1999 

4 

84.70 

Miller  et  al.  1999 

4 

-0.52 

Miller  et  al.  1999 

4 

-10.77 

MiHer  et  al.  1999 

4 

-6.25 

MiDer  et  al.  1999 
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Herbicide 


Response  variable 


#  of  studies  Total  N  Average 

%  change 


Studies 


Simpson  diversity 
Total 

Shannon  diversity 
Total 

Importance  value 
Herbaceous 
Woody 
Graminoids 
Woody  vines 
Density 
Woody 

Sulfometuron  +  glyphosate  Cover 

Herbaceous 

Woody 

Sulfometuron  (annually  for  Cover 
11  years)  +  glyphosate 
(annually  for  3  years) 

Herbaceous 

Woody 

Sulfometuron  +  Cover 

sulfometuron  +  glyphosate 
+  glyphosate  +  glyphosate 

Herbaceous 
Woody 
Biomass 

Herbaceous 
Woody 

Species  richness 
Total 

Herbaceous 
Woody 


1 

1 

1 

1 

1 

1 

1 


1 

1 


1 

1 


1 

1 

1 

1 

1 

1 

1 


4 

-2.20 

Miller  etaL  1999 

4 

-7.14 

Miller  etal.  1999 

4 

133.34 

Miller  etal  1999 

4 

9.68 

MiUer  etal.  1999 

4 

0.00 

Mfller  etal  1999 

4 

-12.73 

MiMer  etal.  1999 

4 

-65.00 

MiUer  et  al.  1999 

10 

-11.47 

Lauer  &  Glover  1998 

10 

-7.74 

Lauer  &  Glover  1998 

5 

-86.67 

Zutter  &  Miller  1998 

5 

-27.71 

Zutter  &  Miller  1998 

4 

-97.52 

Zutter  et  al.  1986 

4 

-66.67 

Zutter  et  al.  1986 

4 

-99.14 

Zutter  et  al.  1986 

4 

-47.26 

Zutter  et  al.  1986 

4 

10.91 

Miller  et  al.  1999 

4 

68.79 

Miller  et  al.  1999 

4 

-2.27 

Miller  et  al.  1999 

Triclopyr 


Herbicide 

Response  variable 

#  of  studies 

Total N 

Average 
%  change 

Studies 

Graminoids 

i 

4 

30.77 

Miller  et  al.  1999 

Woody  vines 

Simpson  diversity 

i 

4 

-8.75 

Miller  et  al.  1999 

Total 

i 

4 

-1.10 

Miller  et  al.  1999 

Shannon  diversity 

Total 

i 

4 

0.00 

Miller  et  al.  1999 

Importance  value 

Herbaceous 

i 

4 

67.07 

Miller  et  al.  1999 

Woody 

i 

4 

-19.77 

Miller  et  al.  1999 

Graminoids 

i 

4 

57.14 

Miller  et  al.  1999 

Woody  vines 

i 

4 

-10.91 

Miller  et  al.  1999 

Cover 

• 

Herbaceous 

i 

10 

43.84 

Lauer  &  Glover  1998 

Woody 

i 

10 

-67.36 

Lauer  &  Glover  1998 

Density 

Woody 

Frequency 

i 

4 

-55.00 

Miller  et  al.  1999 

Herbaceous 

2 

6 

-76.25 

Clewell  &  Lasley  1998 
(Trial  1,3) 

Woody 

2 

6 

787.88 

Clewell  &  Lasley  1998 
(Trial  1, 3) 

Graminoids 

2 

6 

517.95 

Clewell  &  Lasley  1998 
(Trial  1,  3) 

Triclopyr  +  triclopyr 

Cover 

Herbaceous 

1 

5 

-60.00 

Zutter  &  Miller  1998 

Woody 

1 

5 

-59.04 

Zutter  &  Miller  1998 

Triclopyr  ester  + 

Simpson  diversity 

sulfometuron 

Total 

1 

4 

25.24 

Zutter  et  al.  1987 

Shannon  diversity 

Total 

1 

4 

-8.44 

Zutter  et  al.  1987 

Cover 

Herbaceous 

2 

8 

-32.44 

Zutter  et  al.  1987, 
Zutter  et  al.  1986 

Woody 

1 

4 

-16.67 

Zutter  et  al.  1986 
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Herbicide 

Response  variable 

#  of  studies 

Tota/N 

Average 
%  change 

Studies 

Biomass 

Herbaceous 

2 

8 

-32.13 

Zutter  et  al.  1987, 

Zutter  et  al.  1986 

Woody 

1 

4 

-12.69 

Zutter  et  al.  1986 

Triclopyr  +  triclopyt  + 
sulfometuron  (annually  fot 

Cover 

11  years)  +  glyphosate 
(annually  for  3  years) 

Herbaceous 

1 

5 

-86.67 

Zutter  &  Miller  1998 

Woody 

1 

5 

-92.77 

Zutter  &  Miller  1998 

Triclopyr  +  sulfometuron  + 
glyphosate 

Cover 

Herbaceous 

1 

10 

15.71 

Lauer  &  Glover  1998 

Woody 

1 

10 

-70.58 

Lauer  &  Glover  1998 

Triclopyr  +  glyphosate 

Cover 

• 

(for  5  years) 

Total 

1 

53 

-5.00 

Miller  et  al.  1995 

Herbaceous 

1 

53 

7.67 

Miller  etal.  1995 

Woody 

1 

53 

150.00 

Miller  etal.  1995 

Graminoids 

1 

53 

2.09 

Miller  et  al.  1995 

Woody  vines 

1 

53 

26.19 

Miller  et  al.  1995 

Triclopyr  +  triclopyr  + 

Cover 

[triclopyr  +  glyphosate] 

Herbaceous 

1 

10 

70.90 

Lauer  &  Glover  1998 

Woody 

1 

10 

-76.47 

Lauer  &  Glover  1998 

Triclopyr  +  triclopyr  + 

Cover 

[triclopyr  +  glyphosate]  + 
sulfometuron  +  glyphosate 

Herbaceous 

1 

10 

31.37 

Lauer  &  Glover  1998 

Woody 

1 

10 

-69.86 

Lauer  &  Glover  1998 

L  A 
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Table  3.  Herbicide,  application  rate,  time  since  treatment,  number  of  replicates  (N),  treatment  value,  control  (untreated)  value,  and  percent 
change  for  response  variables  for  species  of  special  concern  or  of  interest  (e.g.,  wiregrass),  categorized  by  habitat  and  herbicide.  All  Aristida 
stricta  refer  to  A.  beyrichiana  (Peet  1993). 
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Species  was  not  present  at  pre-treatment. 
Species  was  not  present  at  all  during  the  study. 
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Appendix  2.  Complete  data  for  studies  used,  categorized  by  habitat.  Group  corresponds  to  the  categorization  of  the  variables,  as  designated 
by  the  authors.  Category  is  the  grouping  we  implemented  for  this  study  (i.e.,  total,  herbaceous,  woody,  graminoids,  or  woody  vines).  N 
equals  the  total  number  of  replicates  considered.  Percent  change  is  equal  to  (treatment  -  control)  /  control. 

Q  Herbicide  Group  Categpiy _ Response  variable  N  Treatment  Control  %  change 
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ai/ac)  (0.7, 1.1, 2.5  kg  ai/ha) 
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Study  Herbicide  Group  Category  Response  variable  N  Treatment  Control  %  change 

Triclopyr  (Gallon  4)  (0.4%)  Shrubs  &  vines  Woody  Frequency  3  -0.80  -0.03  2566.67 
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Hexazinone  (Velpat)  (1.52  lbs  ai/ac)  Grass  (1998)  Graminoids  Cover  6  0.22  -0.41  -153.66 

(1.7  kg  ai/ha)  +  triclopyr  ester 
(7%  in  oil)  +  imazapyr  (0.5%)  + 
glyphosate  (5%) 


(4.48-5.60  kg  ae/ha  in  75.7-113.6  L) 

Triclopyr  (4-5  lbs  ae/ ac  in  20-30  gal)  Herbaceous  (yr  1)  Herbaceous  Cover  10  17.00  43  00  -60  47 

(4.48-5.60  kg  ae/ha  in  75.7-113.6  L) 

+  sulfometuron  (3  oz  ai/ac) 

(0.44  L  ai/ha)  +  glyphosate  (1-2%) 
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Dicamba  +  2,4  D  (4.01  lbs  ae/ac  of  Semiwoody  Woody  Species  richness  4  2.30  2.30  0.00 

each)  (4.5  kg  ae/ha  of  each) 

Dicamba  +  2,4  D  (4.01  lbs  ae/ac  of  Woody  vine  Woody  vine  Species  richness  4  7.00  8.00  -12.50 

each)  (4.5  kg  ae/ha  of  each) 


VO 


Herbicide  Group  Category  Response  variable  N  Treatment  Control  %  change 

Picloram  Fem  Herbaceous  Species  richness  4  0.80  0.30  166.67 

(3.03  lbs  ae/ac)  (3.4  kg  ae/ha) 

Picloram  Total  Total  Species  richness  4  53.00  55.00  -3.64 

(3.03  lbs  ae/ ac)  (3.4  kg  ae/ha) 
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Dicamba  +  2,4  D  (4.01  lbs  ae/ac  of  Understory  Total  Shannon  diversity  4  2.60  2.80  -7.14 

each)  (4.5  kg  ae/ha  of  each) 

Glyphosate  (Roundup)  Understory  Total  Shannon  diversity  4  2.80  2.80  0.00 

(3.03  lbs  ae/ac)  (3.4  kg  ae/ha) 
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Hexazinone  (Pronone  10G)  (site  Nonarborescent  Woody  Importance  value  4  37.00  30.00  23.33 

dependent  rate)  (2.5, 3.03, 3.48  lbs 
ai/ac)  (2.8, 3.4, 3.9  kg  ai/ha) 
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Picloram  Nonarborescent  Woody  Density  (/ha)  4  0.70  2.00  -65.00 

(3.03  lbs  ae/ac)  (3.4  kg  ae/ha) 


+  glyphosate  (repeated  annually  for  3 
years)  (2%) 

Sulfometuron  (repeated  annually  for  Nonarborescent  Woody  Cover  5  44.00  77.00  -42.86 

11  years)  (4-6  oz/ac)  (0.58-0.88  L/ha) 

+  glyphosate  (repeated  annually  for  3 


sulfometuron  (0.23  lbs  ai/ac) 
(0.26  kg  ai/ha)  +  glyphosate 
(repeated  as  needed)  (2%) 
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Triclopyr  ester  (undiluted)  +  Relative  cover  (yr  2)  Total  Shannon  diversity  4  1.24  1.56  -20.51 

sulfometuron  (0.37  lbs  ai/ac) 

(0.42  kg  ai/ha) 


sulfometuron  (0.23  lbs  ai/ac) 
(0.26  kg  ai/ha)  +  glyphosate 
(repeated  as  needed)  (2%) 
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glyphosate  (2%)  +  glyphosate 
(repeated  as  needed)  (2%) 
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DEPARTMENT  OF  COMMERCE 

National  OcaanJc  and  Atmospheric 
Admlnlitration 

DEPARTMENT  OF  THE  INTERIOR 
Fish  and  Wlkiflfu  Socvfc* 

50  CFR  Part  17 
RIN  101S-AS36 

Endangered  and  Threatened  WUdUfe 
and  Plants;  Threatened  Status  lor  the 
Gull  Sturgeon 

aqcnciu;  Pish  and  Wildlife  Service. 
Interior,  and  National  Oceanic  and 
Atmospheric  A  dm  In  I  a  trot  ion  (NOAA), 
Commerce. 
action:  Final  rule. 

summary;  The  Service  determinea  the 
Culf  sturgeon  [Adpenser oxyrhynchus 
desotoi )  to  be  s  threatened  species, 
pursuant  to  the  Endangered  Species  Act 
of  1073  (Act).’ as  amended.  This  rule  has 
been  coordinated  with  NOAA  and  they 
have  ooeigned  the  document.  This  large 
fish  ranges  from  Lake  PoatchaLrtrain  in 
Louisiana  to  Taape  Bay  In  Florida.  Culf 
sturgeon  stocks  have  been  greatly 
reduced  or  extirpated  throughout  much 
of  the  historic  range  by  overfishing,  dam 
construction  and  habitat  degradation. 
This  action  will  implement  the 
protection  and  recovery  provisions 


afforded  by  the  Act  for  the  Culf 
sturgeon. 

kffictivc  oat e  October  30, 1001. 
aoorssscs;  The  complete  files  for  this 
rule  are  available  for  Inspection,  by 
appointment  during  normal  boslness 
hours  at  the  jacksonvllle  Field  Office. 
Ui>.  FUh  and  Wildlife  Service.  3100 
University  Boulevard  South,  suite  120, 
facksonville.  Florida  32210. 

FOR  FURTHER  INFORMATION  CONTACT: 

David  J.  Wesley,  Field  Supervisor,  at  the 
above  address  (telephone  004/701-2360 
or  FTS  940-2560). 

SUPPLEMENTARY  INFORMATION; 

Background 

The  Culf  sturgeon  [Adpaiser 
oxyrhynchus  desotoi),  also  known  as 
the  Culf  of  Mexico  sturgeon.  Is  a 
subspecies  of  the  Atlantic  sturgeon 
[Adpcnscr  oxyrhynchus).  The  Culf 
sturgeon  was  described  by  Vladykov  in 
1055.  it  is  a  large,  nearly  cylindrical  fish 
with  an  extended  snoot,  vertical  mouth, 
chin  burbala,  and  with  the  upper  lobe  of 
the  tall  longer  than  the  lower.  Adults 
range  from  L5-2.4  meters  (0-6  feet)  or 
more  in  length,  with  adult  females  larger 
than  males.  The  skin  is  sea  Ideas,  brawn 
doraally  and  pale  ventrally,  and 
imbedded  with  five  rows  of  bony  plates. 
The  Culf  sturgeon  has  a  longer  head, 
pectoral  11ns.  and  spleen  than  the 
related  Atlantic  sturgeon  (Huff  1075, 
Wooley  1965). 

The  following  information  is  derived 
primarily  from  Barkuloo  (I960). 
Historically,  the  Culf  sturgeon  occurred 
from  the  Mississippi  River  to  Tampa 
Bay,  Florida,  it  still  occurs,  at  least 
occasionally,  throughout  this  range,  but 
in  greatly  reduced  numbers.  The  fish  is 


eisentlsfly  confined  to  the  eastern  Culf 
of  Mexico,  possibly  because  this  portion 
of  the  Calf  has  predominately  hard 
bottoms  that  ere  better  suited  to  tha 
Calf  sturgeon's  feeding  habits.  (The 
western  Culf  has  mostly  mud.  clay,  and 
slh  bottom  sediments.)  Adult  fish  are 
bottom  feeders,  eating  primarily 
invertebrates,  including  brachlopods, 
insect  larvae,  mafiusks,  worms,  and 
crustaceans.  Culf  sturgeon  are  .  • 
anadromous,  with  reproduction 
occurring  la  fresh  water  but  with  most 
adult  feeding  taking  place  la  the  Culf  of 
Mexico  and  Us  estuaries.  The  fish 
probably  return  to  breed  In  the  same 
river  system  in  which  they  hatched. 
Adult  sturgeon  enter  the  Apalachicola 
and  Suwannee  River  Systems  from 
February  through  April.  Spawning  is 
believed  to  occur  In  areas  of  deep  water 
and  dean  (rock,  gravel  or  sand) 
bottoms.  The  eggs  are  sticky  and  adhere 
In  dumps  or  strings  to  snags, 
outcroppings,  or  other  clean  surfaces. 
Larvae  have  boon  collected  in  April  and 
May  In  the  Apalachicolu  River.  Adults 
remain  In  fresh  water  as  late  as 
November.  The  adults  lose  weight  while 
in  fresh  water  but  regain  it  while  .  .. 
wintering  in  estuaries  or  the  Culf  of 
Mexico.  In  the  Suwannee  River,  Florida, 
female  sturgeon  require  6  to  12  years, 
and  males  7  to  10  years,  to  reach  sexual 
maturity  (Huff  1975).  The  Culf  sturgeon,: 
therefore,  la  «  slow-maturing,  long-lived 
fish. 

The  Culf  sturgeon  has  historically 
been  of  commercial  Importance,  with 
the  eggs  used  for  caviar,  the  flesh  for  • 
smoked  fleh,  and  the  swim  bladder 
yielding  Isinglass,  a  gelatin  psed  In  food 
products  and  glues.  Available  landing 
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records  for  Gulf  sturgeon  indicate  that 
the  principal  historic  fisheries  were  in 
Florida  and  Alabama,  with  little 
directed  fishing  in  the  other  Gulf  States; 
mainly  by-catch  from  other  fishing.  In 
Florida,  recorded  catches  peaked  about 
the  turn  of  the  century,  and  while 
fluctuating  over  the  years,  have 
decreased  drastically  since  that  time. 
The  decline  was  initially  due  to 
overfishing,  but  subsequent  dam 
construction  has  impacted  habitat  and 
eliminated  or  seriously  reduced  some 
populations  in  more  recent  years. 

Service  involvement  with  the  Gulf 
sturgeon  began  with  monitoring  and 
other  studies  of  the  Apalachicola  River 
population  by  the  Service's  Panama 
City,  Florida,  Fisheries  Assistance 
Office  in  1979.  The  fish  was  included  as 
a  category  2  species  in  the  Service's 
December  30, 1902  (47  FR  50454),  and 
September  18, 1905  (50  FR  37950), 
vertebrate  review  notices,  and  in  the 
January  6, 1909  (54  FR  554),  animal 
notice  of  review.  These  notices 
indicated  that  the  Gulf  sturgeon  was  a 
species  for  which  listing  as  threatened 
or  endangered  was  possibly  appropriate. 
In  1900,  the  Service's  Jacksonville, 
Florida,  Area  Office  contracted  a  status 
survey  report  on  the  Gulf  sturgeon 
(Hollowell  1980).  The  report  concluded 
'hat  the  fish  had  been  reduced  to  a  small 
population  due  to  overfishing  and 
habitat  loss,  and  that  any  further 
adverse  changes  would  make  its 
survival  questionable.  In  1988,  the 
Panama  City,  Florida,  Office  completed 
a  report  (Barkuloo  1900)  on  the 
conservation  status  of  the  Gulf  sturgeon, 
recommending  that  the  subspecies  be 
listed  as  a  threatened  species  pursuant 
to  the  Act.  The  Service  proposed  the 
Culf  sturgeon  for  listing  as  a  threatened 
species  on  May  2, 1990  (55  FR  18357). 

Subsequent  to  publication  of  the 
proposed  rule,  Service  contacts  with 
agencies  and  individuals  working  on 
conservation  of  the  Gulf  sturgeon 
indicated  that  it  would  be  in  the  best 
interest  of  the  species  to  increase  post 
listing  regulatory  flexibility  relative  to 
Service  permitting  requirements.  The 
Endangered  Species  Act  allows  such 
flexibility  in  the  case  of  species  that  are 
classified  as  threatened.  Accordingly,  a 
special  rule  has  been  added  to  allow 
taking  of  the  Gulf  sturgeon  for  certain 
purposes  without  a  Federal  permit* 
provided  that  the  taking  is  done  in 
accordance  with  applicable  State  fish 
and  wildlife  conservation  laws  and 
regulations. 

The  Service  and  the  National  Marine 
'isheriea  Service  (NMFS)  executed  a 
Memorandum  of  Understanding  (MOU) 
in  1974  regarding  jurisdictional 


responsibilities  and  listing  procedures 
under  the  Endangered  Species  Act 
Based  upon  the  terms  of  the  MOU,  the 
Service  has  determined,  for  purposes  of 
this  final  rule,  that  it  has  jurisdictional 
authority  to  list  this  species  because  the 
Gulf  sturgeon  spends  the  majority  of  its 
lifespan  in  fresh  water.  However,  the 
NMFS  also  claims  jurisdiction, 
contending  that  the  Presidential 
Reorganization  Plan  No.  4  of  1970 
clearly  placed  anadromous  fish  under 
NMFS  jurisdiction,  and,  thus  the 
intended  scope  of  the  MOU  did  not 
include  anadromous  fish. 

Although  the  agencieB  intend  to 
resolve  this  disagreement  in  the  future, 
both  agree  that  it  is  in  the  best  interest 
of  the  Gulf  sturgeon  to  list  the 
subspecies  without  further  delay.  Until 
the  jurisdictional  issue  is  resolved,  the 
Service  will  be  responsible  for  the  Gulf 
sturgeon  once  the  listing  becomes 
effective.  Both  agencies  have  signed  this 
rule  to  eliminate  confusion  while  the 
issue  of  jurisdiction  is  under  review. 

Summary  of  Comments  and 
Recommendations 

In  the  May  2, 1990,  proposed  rule  and 
associated  notifications,  all  interested 
parties  were  requested  to  submit  factual 
reports  or  information  that  might 
contribute  to  the  development  of  a  final 
rule.  Appropriate  State  agencies, 

Federal  agencies,  scientific 
organizations,  and  other  interested 
parties  were  contacted  and  requested  to 
comment  Newspaper  notices  were 
published  in  the  Mobile,  Alabama, 

"Press  Register"  on  May  19, 1990;  in  the 
Atlanta,  Georgia,  "Constitution"  on  May 
20, 1990;  In  the  Tallahassee,  Florida, 
"Democrat"  on  May  22. 1990;  in  the  New 
Orleans,  Louisiana.  "Times-Picayunc" 
on  May  22, 1990;  and  in  the  Jackson. 
Mississippi,  "Clarion-Ledger"  on  June  4. 
1990. 

Nine  comments  were  received  during 
the  comment  period.  The  proposal  was 
supported  by  the  Alabama  Department 
of  Conservation  and  Natural  Resources; 
the  Mississippi  Department  of  Wildlife, 
Fisheries,  and  Parks;  Florida's  Marine 
Fisheries  Commission,  Department  of 
Natural  Resources,  and  Game  and  Fresh 
Water  Fish  Commission;  and  a 
representative  of  a  private  conservatidti 
foundation. 

Mississippi  commented  that  the 
proposed  rule  was  misleading  in  stating 
that  the  Gulf  sturgeon  was  essentially 
confined  to  the  eastern  Culf  and  in 
implying  that  the  only  viable 
populations  remained  in  Florida.  They 
pointed  out  that  a  potentially  healthy 
population  still  exists  in  the  Pearl  River, 
and  that  spawning  areas  were  stUl 
available  in  the  lower  150  miles  of  the 


Pearl  River,  including  some  tributaries. 
They  further  stated  that  a  sturgeon 
fishery  existed  on  the  Pascagoula  River 
in  the  early  twentieth  century,  and  that 
additional  survey  work  should  be  done 
in  Mississippi  rivers.  Service  response; 
The  eastern  Gulf  of  Mexico  distribution 
referred  to  in  the  proposed  rule  meant 
that  the  Gulf  stuigeon  was  essentially 
restricted  to  rivers  east  of  the 
Mississippi,  not  that  the  species  was 
restricted  to  Florida.  Historical  catch 
data,  however,  do  indicate  that  Florida 
supported  the  largest  part  of  the 
distribution.  This  final  rule  has 
incorporated  the  additional  information 
provided  by  Mississippi.  The  Service 
agrees  that  further  survey  work  will  be 
necessary  to  determine  the  status  of  the 
Culf  sturgeon  in  several  of  the  Gulf 
coast  rivers,  but  believes  that  sufficient 
evidence  exists  to  indicate  that  the 
subspecies  is  threatened  over  most,  if 
not  all,  of  its  range. 

The  Louisiana  Department  of  Wildlife 
and  Fisheries  stated  that  the  Gulf 
sturgeon  was  formerly  found  in  the  Pearl 
River  and  the  major  Lake  Pontchartrain 
tributaries,  but  that  the  current  status 
was  unknown.  They  reported  that  the 
Louisiana  Wildlife  and  Fisheries 
Commission  had  closed  all  Louisiana 
waters  to  taking  of  stuigeon  effective 
May  20, 1990. 

A  private  individual  expressed 
concern  about  potential  economic 
effects  of  the  listing,  particularly  with 
regard  to  interfering  with  commercial 
fishing.  Service  response:  Section  4(b)  of 
the  Act  requires  that  listing  decisions  be 
made  solely  on  the  basis  of  the  best 
available  scientific  and  commercial 
data;  economic  factors  may  not  be 
considered.  Nonetheless,  the  Service 
does  not  anticipate  that  the  listing  of  the 
Gulf  sturgeon  will  impede  commercial 
fishing.  Take  of  the  fish  is  already 
prohibited  by  Louisiana.  Mississippi, 
Alabama,  and  Florida.  Existing  Federal 
(National  Marine  Fisheries  Service] 
regulations  currently  require  the  use  of 
turtle  excluder  devices  (TEDs)  by 
shrimpers,  and  potential  future 
requirements  to  reduce  the  incidental 
finfish  catch  should  also  reduce  the 
incidental  take  of  Gulf  sturgeon. 

The  Lower  Mississippi  Division  of  the 
U.S.  Army  Corps  of  Engineers  indica  ted 
a  number  of  civil  works  projects  that 
would  require  coordination  with  the 
Fish  and  Wildlife  Service.  Service 
response:  The  Fish  and  Wildlife  Service 
has  already  conferred  with,  and  will 
now  consult  with  Federal  agencies 
pursuant  to  activities  that  may  affect  the 
Culf  sturgeon,  as  required  by  section  7 
of  the  Act. 
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Summary  of  Factor*  Affecting  the 
Spades  . 

After  a  thorough  review  and 
consideration  of  all  information 
available,  the  Service  has  determined 
that  the  Gulf  sturgeon  should  be 
classified  as  a  threatened  species. 
Procedures  found  at  Section  4(a)(1)  of 
the  Endangered  Species  Act  (tt  U.S.C. 
1531  et  seq,  end  regulations  (50  CFR  part 
424)  promulgated  to  implement  the 
listing  provisions  of  the  Act  were 
followed.  A  species  may  be  determined 
to  be  an  endangered  or  threatened 
species  due  to  one  or  more  of  the  five 
factors  described  in  section  4(a)(1). 
These  factors  and  their  application  to 
the  Gulf  sturgeon  [Acipenser 
oxyrhynchus  desotoi)  are  as  follows: 

A.  The  Present  or  Threatened 
Destruction,  Modification,  or 
Curtailment  of  its  Habitat  or  Range 

The  Gulf  sturgeon  formerly  ranged 
from  the  Mississippi  River  eastward  to 
the  Tampa  Bay  area  on  the  west  coast  of 
Florida.  Three  major  rivers  (the  Pearl  in 
Mississippi,  the  Alabama  in  Alabama, 
and  the  Apalachicola  in  Florida)  within 
the  range  of  the  Gulf  sturgeon  have  been 
dammed,  preventing  use  of  upstream 
ereas  for  spawning.  The  Gulf  sturgeon  is 
apparently  unable  to  pass  through  dam 
systems.  The  Ross  Barnett  Dam  near 
Jackson,  Mississippi,  prevents  sturgeon 
movement  further  upstream,  although 
sturgeon  still  have  access  to  the  lower 
240  kilometers  (150  miles)  of  the  Pearl, 
end  the  tributaries  in  that  area. 
Substantial  spawning  habitat  remains  in 
the  Pearl  and  large  tributaries  like  the 
Bogue  Chitto  and  Strong  Rivera 
(Mississippi  Department  of  Wildlife, 
Fisheries,  and  Parks,  in  litt  1090). 

Wooley  and  Crateeu  (1065)  estimated 
that  construction  of  the  Jim  Woodruff 
Ixrck  and  Dam  on  the  Apalachicola 
River  in  the  1050's  restricted  Gulf 
sturgeon  to  172  kilometers  (107  miles)  of 
the  1,018  kilometers  (636  miles)  of  river 
habitat  formerly  available  in  the 
Apalachicola-Chattahoochee-Flint  River 
System.  Prior  to  dam  construction,  the 
Gulf  sturgeon  used  all  three  rivers; 
subsequently  the  fish  has  been 
restricted  to  that  portion  of  the 
Apalachicola  River  below  the  dam.  Even 
if  the  Jim  Woodruff  Dam  could  be 
passed  by  Gulf  sturgeon,  the  tributaries 
of  the  Apalachicola  have  many  j 
additional  dams;  14  on  the 
Chattahoochee  and  three,  on  the  Flint  A 
breeding  population  of  Gulf  sturgeon  In 
Bear  Creek,  Bay  County,  Florida,  was 
apparently  extirpated  due  to 
construction  of  a  dam  in  1062. 

In  addition  to  the  structures 
preventing  Gulf  sturgeon  from  reaching 


spawning  areas,  dredging,  desnqgging, 
and  spoil  deposition  carried.out  in v?V. 
connection  with  channel  improvement 
and  maintenance  represent  a  threat  to 
the  Gulf  sturgeon.  Although  precise 
spawning  areas  are  not  known, 
indications  are  that  deep  holes  and  rock 
Euriaces  are  important  for  spawning. 
Modification  of  such  features,  especially 
in  rivers  In  which  upstream  migration  is 
already  limited  by  dams,  could  further 
jeopardize  the  already  reduced  stocks  of 
the  Gulf  sturgeon. 

Hie  majority  of  the  range  of  the  Gulf 
sturgeon  is  along  the  panhandle  and 
northwest  peninsular  coasts  of  Florida. 
Tampa  Bay,  Florida,  was  the  site  of  the 
first  significant  fishery  for  the  Gulf 
sturgeon.  Fifteen  hundred  fish  were 
taken  when  the  fishery  began  in  1886- 
1667, 2.0&0  in  1667-1686,  and  oifly  seven 
fish  in  1066-1689,  at  which  time  the 
fishery  ended.  Omy  occasional  Gulf 
sturgeon  have  been  taken  there  since 
that  time.  These  are  believed  to 
originate  in  other  river  systems;  the 
Tampa  Bay  breeding  population  is 
considered  extirpated 
The  Apalachicola  River  population  of 
the  Gulf  sturgeon  supported  a  major 
fishery  at  the  beginning  of  the  century, 
but  population  estimates  from  1063-1066 
by  the  Service's  Panama  City,  Florida, 
Fisheries  Assistance  Office  range  from 
60-285  fish.  Any  additional  decline  in 
this  population  could  result  in  its 
extirpation.  The  Ochlockonee  River 
supported  a  fishery  until  the  1950's,  but 
no  Gulf  sturgeon  have  been  reported 
there  in  recent  years. 

The  Suwannee  River  is  believed  to 
support  the  healthiest  remaining 
population  of  the  Gulf  sturgeon,  and  the 
population  currently  appears  stable. 
Steve  Carr  (in  Barkuloo  1066)  of  the 
Caribbean  Conservation  Foundation 
caught  and  released  300  Gulf  sturgeon 
during  a  tagging  program  in  1988,  and 
500  in  1989.  However,  the  population 
may  have  been  reduced  seriously 
following  a  large  commercial  harvest  in 
1063-1064.  the  Suwannee  River  currently 
has  good  water  quality  but  future 
development  in  its  watershed  has  the 
potential  to  lower  water  quality  there. 

Culf  sturgeon  populations  in  other 
states  are  believed  to  remain  low 
following  overfishing  and  habitat 
change  earlier  in  the  century.  Based  on 
the  limited  data  available,  the  Gulf 
sturgeon  is  rare  in  these  states. 

Incidental  catches  of  Gulf  sturgeon  are 
unusual  enough  in  some  areas  to  attract 
newspaper  accounts, 

Alabama  formerly  supported  a  Gulf 
sturgeon  fishery;  commercial  landing 
records  from  1027  to  1064  show# 
decline  from  a  range  of  2,850-15,134 


pounds  taken  during  the  first  five  years 
of  the  fishery  (1027-1931)  to  100-3,500 
pounds  in  the  last  five  years  (1960-1064). 
Culf  sturgeon  have  been  taken  In  the 
Mobile  River  System  as  recently  as  1960 
and  1907,  but  captures  in  coastal  waters 
have  hot  been  reported  since  I960. 

In  Mississippi,  Miranda  and  Jackson 
(1987)  collected  a  Gulf  sturgeon  from  the 
Pascagoula  River  in  June  1967  during  30 
net-nights  of  effort  They  reported  the 
capture  of  another  Gulf  sturgeon  on  the 
Chickasawhay,  a  tributary  of  the 
Pascagoula,  in  1965. 

In  1966  the  Louisiana  Department  of 
Wildlife  and  Fisheries  began  collecting 
information  on  Gulf  sturgeon.  As  of 
March  1989,  specimens  had  been 
recorded  from  Lake  Pontchartrain  (a 
total  of  six  adults  and  subadults), 

I  Jalfmoon  Island  (one  juvenile),  and  the 
Pearl  River  (one  adult  and  five 
juveniles).  Dr.  Frank  Petzold  of 
Mississippi  State  University  caught  63 
juvenile  to  subadult  Gulf  sturgeon  in  the 
Pearl  River  in  1985.  While  Miranda  and 
Jackson  took  no  Gulf  sturgeon  in  that 
river  during  46  net-nights  in  June  1967, 
Dwight  Bradshaw  (pera.  comm.)  of 
Mississippi  State  University  believes 
that  significant  numbers  of  Gulf 
sturgeon  remain  in  the  Pearl 

B.  Overutilization  for  Commercial, 
Recreational \  Scientific,  or  Educational 
Purposes 

Although  there  currently  is  no 
directed  fishery  for  Gulf  sturgeon, 
incidental  take  by  commercial  shrimpers 
and  gill  net  fishermen  may  be  significant 
(Wooley  and  Crateau  1965).  Use  of  turtle 
excluder  devices  on  shrimp  trawls  may 
help  reduce  incidental  catch. 

C.  Disease  or  Predation 

Not  known  to  be  a  factor. 

D.  The  Inadequacy  of  Existing 
Regulatory  Mechanisms 

The  Gulf  sturgeon  is  listed  as  a 
species  of  special  concern  by  the  Florida 
Game  and  Ffcesb  Water  Fish 
Commission  (Title  39-27.05.  Florida 
Administrative  Code)  and  as  an 
endangered  species  by  the  Mississippi 
Department  of  Wildlife,  Fisheries,  arid 
Parks.  Take  is  prohibited  in  both  states. 
Take  of  Gulf  sturgeon  in  Alabama  Is 
prohibited  (Chapter  220-2-26  of 
Regulations  of  Department  of  : 
Conservation  and  Natural  Resources), 

On  May  20, 1900,  the  Louisiana.WUdlife 
and  Fisheries  Commission  prohibited 
the  take  of  all  species  of  sturgeon  in 
Louisiana  waters.  Thera  Is  currently  no 
know  directed  fishery  for  the  Culf 
sturgeon  anywhere  in  its  range. 
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E.  Other  Natural  or  Manmade  Factors 
Affecting  its  Continued  Existence 

Since  (he  Ctilf  sturgeon  ha  slow  to 
mature.  It  is  unable  to  rapidly  establish 
a  breeding  population.  The  fish  probably 
return  to  their  natal  river  to  breed;  if  so, 
re  colonization  of  extirpated  populations 
from  other  rirer  systems  is  likely  to  be 
slow. 

There  Is  a  potential  threat  to  the  Gulf 
sturgeon  from  hybridization  with  the 
white  sturgeon  [Acipenser 
tmnsmontanus),  a  fish  native  to  the 
Pacific  coast  of  North  America  (Dr. 
lames  D.  Williams,  National  Fisheries 
Research  Center,  Gainesville,  Florida; 
pcrs.  oomm.J.  There  have  been 
preliminary  attempts  to  introduce  white 
sturgeon  for  aquaculture  within  the 
range  of  the  Gulf  sturgeon.  Since  species 
of  Acipenser  are  capable  of 
hybridization,  any  releases  of  white 
sturgeon  within  the  range  of  the  Gulf 
sturgeon  could  threaten  the  survival  of 
the  latter  species. 

Poor  water  quality  may  also  be  a 
threat  All  major  rivers  in  the  fish's 
historic  range  have  had  heavy  pesticide 
use  in  their  watersheds,  and  some 
receive  contamination  from  heavy 
metals  and  industrial  contaminants. 
Several  large  Gulf  sturgeon  from  the 
Apalachicola  River  have  been  found  to 
have  potentially  detrimental  levels  of 
organochlorines  and  heavy  metals  in 
their  tissues.  While  the  effects  of  these 
contaminants  are  not  certain,  they  are 
potentially  detrimental  to  the  sturgeon's 
survival 

The  Service  has  carefully  assessed  the 
best  scientific  and  commercial 
information  available  regarding  the  past 
present,  and  future  threats  faced  by  this 
species  in  determining  to  make  this  rule 
final.  Based  on  this  evaluation,  the 
preferred  action  is  to  Ust  the  Gulf 
sturgeon  as  threatened.  The  species  has 
declined  seriously  throughout  its  range, 
and  has  been  extirpated  in  some 
portions  of  that  range.  Although  not  yet 
an  endangered  species.  It  is  likely  to 
become  one  In  the  foreseeable  future  if 
further  habitat  toss  or  degradation 
occurs. 

Critical  Habitat 

Section  3  of  the  Act  defines  critical 
habitat  for  an  endangered  or  threatened 
species  as  the  specific  areas  containing 
the  physical  and  biological  features 
essential  to  the  conservation  of  the 
species.  •‘Conservation'*  means  the  use 
of  all  methods  and  procedures  neede4to 
bring  the  species  to  the  point  at  which 
listing  under  the  Art  Is  no  longer 
necessity.  Section  4(a)(3)  of  the  Art, 
requires  that,  to  dm  maximum  extent 
prudent  and  determinable,  the  Secretary 


designate  critical  habitat  at  the  time  the 
species  is  proposed  to  be  endangered  or 
threatened.  Service  regulations  (50  CFR 
424.12(a)(2))  state  that  critical  habitat  Is 
not  determinable  if  information 
sufficient  to  perform  required  analyses 
of  the  impacts  of  the  designation  is 
lacking  or  if  the  biological  needs  of  the 
species  are  not  sufficiently  well  known 
to  permit  identification  of  an  area  as 
critical  habitat  Section  4(b)(2)  of  the  Act 
requires  the  Service  to  consider 
economic  and  other  relevant  Impacts  of 
designating  a  particular  area  as  critical 
habitat  on  the  basis  of  the  best  scientific 
daU  available.  The  Secretary  may 
exclude  any  area  from  critical  habitat  if 
he  determines  that  the  benefits  of  such 
exclusion  outweigh  the  conservation 
benefits,  unless  to  do  such  would  result 
in  the  extinction  of  the  species. 

In  the  May  2, 199a  proposed  rule  to 
list  the  Gulf  sturgeon,  the  Service  stated 
that  designation  of  critical  habitat  was 
not  prudent.  The  basis  for  this 
determination  was  that  It  would  be 
impractical  to  designate  critical  habitat 
over  an  area  as  large  ns  the  Golf 
sturgeon's  range,  especially  when  the 
exact  areas  utilized  are  not  fully  known. 
Though  there  are  areas  that  likely  are 
important  to  the  Gulf  sturgeon,  they 
have  not  yet  been  identified.  The 
species  feeds  over  large  areas  of  the 
Gulf  of  Mexico  and  spawns  in  most  of 
the  larger  rivers  draining  into  the 
eastern  Gulf.  Each  major  river  system  in 
the  eastern  Gulf  is  believed  to  support 
its  own  breeding  population.  The  highly 
migratory,  wide-rangiqg  behavior  of  the 
Gulf  sturgeon  requires  very  Urge  areas 
of  coastal  waters  and  these  areas  are 
not  currently  understood,  it  would  be 
impractical  to  designate  critical  habitat 
over  this  huge  area  and  insufficient 
information  exists  to  designate  smaller 
isolated  areas. 

Consideration  of  a  ngi  prudent  finding 
within  the  Service  since  the  publication 
of  the  proposed  rule  has  resulted  in  a 
determination  that  designation  ot 
critical  habitat  may  be  piqdent  for  the 
Gulf  stuigeon  but  is  not  now 
determinable.  Section  4|bJ(6)(C) 
provides  that  a  concurrent  critical 
habitat  determination  Is  not  required, 
and  that  the  final  decision  on 
designation  may  be  postponed  for  1 
additional  year  from  the  date  of 
publication  of  the  proposed  rule.  If  dm 
Service  finds  that  a  prompt 
determination  of  endangered  or 
threatened  status  Is  essential  to  the 
conservation  of  the  species.  The  Service 
believes  that  prompt  determination  of 
threatened  status  for  the  Gulf  sturgeon 
is  essential.  This  will  afford  the  species 
identify  those  physical  and  Woiqgical 
features  that  are  essential  to  the 


conservation  of  the  sturgeon  and  that 
may  require  special  management 
considerations  or  protection  and  make  a 
final  decision  on  designation  of  critical 
habitat  by  May  2. 1992.  in  the  interim, 
protectioaof  this  species*  habitat  will  be 
addressed  through  the  recovery  process 
and  through  the  section  7  jeopardy 
standard. 

Federal  agencies  and  activities  likely 
to  be  affected  by  the  listing  of  the  Gulf 
sturgeon  are  discussed  under  "Available 
Conservation  Measures"  below. 

Available  Conservation  Measures 

Conservation  measures  provided  to 
species  listed  as  endangered  or 
threatened  under  the  Endangered 
Species  Act  include  recognition, 
recovery  actions,  requirements  for 
Federal  protection,  and  prohibitions 
against  certain  practices.  Recognition 
through  listing  encourages  and  results  in 
conservation  actions  by  Federal.  State, 
and  private  agencies,  groups,  and 
individuals.  The  Endangered  Species 
Act  provides  for  possible  land 
acquisition  and  cooperation  with  the 
States  and  requires  that  recovery 
actions  be  carried  out  for  all  listed 
species.  Such  actions  are  initiated  by  the 
Service  following  listing.  The  protection 
required  of  Federal  agencies  and  the 
prohibitions  against  taking  and  harm  are 
discussed.  In  part,  below. 

Section  7(a)  of  the  Act,  bb  amended, 
requires  Federal  agencies  to  evaluate 
their  actions  with  respect  to  any  species 
that  is  proposed  or  listed  as  endangered 
or  threatened  and  with  respect  to  its 
critical  habitat,  if  any  is  being 
designated.  Regulations  implementing 
this  interagency  cooperation  provision 
of  the  Act  are  codified  at  50  CFR  part 
402.  Section  7(a)(2)  requires  Federal 
agencies  to  ensure  that  activities  they 
authorize,  fund,  or  carry  out  are  not 
likely  to  jeopardize  the  continued 
existence  of  such  a  species  or  to  destroy 
or  adversely  modify  its  critical  habitat 
If  a  Federal  action  may  affect  a  listed 
species  or  Its  critical  habitat,  the 
responsible  Federal  agency  must  enter 
into  formal  consultation  with  the 
Service. 

Federal  actions  most  likely  to  affect 
the  Gulf  sturgeon  are  the  permitting 
programs  and  Federal  water  resource 
projects  of  the  U.S.  Army  Corps  of  » 
Engineers.  Activities  that  would 
potentially- involve  section  7  of  the  Act 
Include  dredging  of  river  channels,  spoil 
deposition,  md  dam  construction. 
Another  potential  section  7  Involvement 
ip  pesticide  registration  by  the  U.B. 
Environmental  Protection  Agency. 
Following  the  proposal  of  the  Gtnf 
sturgeon  as  a  threatened  species,  a 
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ce"  pursuant  to  section  7(a)(4) 

el  occurred  bety/een  the  Fish 
life  Service  and  the  Minerals 
ent  Service,  with  regard  to 
suwipifl  oil  leasing  in  the  Gulf  of 
Mexico.*  * 

The  Act  and  implementing  regulations 
found  at  50  CFR  17.21  and  17.31  set  forth 
a  series  of  general  prohibitions  and 
exceptions  that  apply  to  all  threatened 
wildlife.  Theg£4>rohibltion8f.in  part, 
make  it  illegal  for  any  person  subject  to 
the  jurisdiction  of  the  United  States  to 
take  (includes  harass,  harm,  pursue, 
hunt,  shoot,  wound,  kill,  trap,  or  collect; 
or  to  attempt  any  of  these),  import  or 
export,  ship  in  interstate  commerce  in 
the  course  of  commercial  activity,  or  sell 
or  offer  for  sale  in  interstate  or  foreign 
commerce  any  listed  species.  It  also  is 
illegal  to  possess,  sell,  deliver,  cany, 
transport,  or  ship  any  such  wildlife  that 
hus  been  taken  illegally.  Certain 
exceptions  apply  to  agents  of  the 
Service  and  State  conservation 
agencies. 

The  above  generally  applies  to 
threatened  species  offish  and  wildlife. 
However,  the  Secretary  has  the 
discretion  under  section  4(d)  of  the  Act 
to  issue  special  regulations  for  a 
threatened  species  that  are  necessary 
and  advisable  for  the  conservation  of 
the  species.  Take  of  the  Gulf  sturgeon  is 
now  banned  in  ail  States  within  the 
historic  range  except  Georgia,  where  the 
species  has  been  extirpated. 

Conservation  and  restoration  of  Gulf 
sturgeon  stocks  is  already  underway  or 
planned  by  a  combination  of  Federal, 
State,  and  private  agencies. 

In  order  to  avoid  unnecessary 
duplication  of  permitting  requirements, 
the  Service  is  promulgating  a  special 
rule  allowing  taking  of  Gulf  sturgeon,  in 
accordance  with  applicable  state  laws, 
for  educational  purposes,  scientific 
purposes,  the  enhancement  of 
propagation  or  survival  of  the  species, 
zoological  exhibition,  and  other 
conservation  purposes  consistent  with 
the  Endangered  Species  Act  Taking  of 
Gulf  sturgeon  for  purposes  other  than 
those  described  above,  including  taking 
incidental  to  carrying  out  otherwise 
lawful  activities,  is  prohibited  except 
when  permitted  under  50  CFR  17.32.  The 
special  rule  will  allow  conservation  and 
recovery  activities  for  the  Gulf  sturgeon 
to  be  carried  out  without  a  Federal 
permit  provided  the  activities  are  in 


compliancy  with  applicable  State  laws. 
Federal  agency  conservation  activities 
involving* Gulf  sturgeon,  however,  will 
require  consultation  pursuant  to  section 
7  of  the  Act  as  discussed  above. 

On  July  1, 1975,  the  Atlantic  sturgeon 
[Acipenser  oxyrhynchus,  including  the 
Gulf  sturgeon)  was  included  in 
Appendix  II  of  the  Convention  on 
bitemational  Trade  in  Endangered 
Species  of  Wild  Fauna  and  Flora 
(CITES).  The  effect  of  this  listing  is  that 
CJTES  permits  are  required  before 
international  shipment  may  occur.  Such 
shipment  is  strictly  regulated  by  CITES 
party  nations  to  prevent  effects  that  may 
be  detrimental  to  the  species*  survival. 

Conservation  and  propagation  work 
on  the  Gulf  sturgeon  is  underway  by  the 
Service's  Panama  City,  Florida, 

Fisheries  Assistance  Officp;  Gainesville, 
Florida,  National  Fisheries  Research 
Center;  Welaka,  Florida  and  Warm 
Springs,  Georgia  National  Fish 
I  (atcheries;  and  by  the  private 
Caribbean  Conservation  Corporation, 
funded  by  the  Phipps  Florida 
Foundation.  The  Louisiana  Department 
of  Wildlife  and  Fisheries  has  initiated 
6tatus  surveys  for  the  Gulf  sturgeon  and 
plans  to  expand  this  work.  The  Gulf 
States  Marine  Fisheries  Commission's 
Technical  Coordinating  Committee 
agreed  in  1989  that  their  Anadromous 
Fish  Subcommittee  would  begin 
preparation  of  a  management  plan  for 
the  Gulf  sturgeon  during  199a 

National  Environmental  Policy  Act 

The  Fish  and  Wildlife  Service  has 
determined  that  an  Environmental 
Assessment  as  defined  under  the 
authority  of  the  National  Environmental 
Policy  Act  of  1969,  need  not  be  prepared 
in  connection  with  regulations  adopted 
pursuant  to  section  4(a)  of  the 
Endangered  Species  Act  of  1973,  as 
amended.  A  notice  outlining  the 
Service's  reasons  for  this  determination 
was  published  in  the  Federal  Register  on 
October  25, 1983  (48  FR  49244). 
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List  of  Subjects  in  50  CFR  Part  17 

Endangered  and  threatened  species. 
Exports,  Imports,  Reporting  and 
recordkeeping  requirements,  and 
Transportation. 

Regulations  Promulgation 

PART  17— (AMENDED] 

Accordingly,  part  17,  subchapter  B  of 
chapter  I,  title  50  of  the  Code  of  Federal 
Regulations,  as  set  forth  below: 

1.  The  authority  citation  for  part  17 
continues  to  read  as  follows: 

Authority:  16  U.S.C  1381-1407;  lfl  U.S.C. 
1531-1544;  16  U.S.C.  4201-4245;  Pub.  L.  99- 
625, 100  Stat.  3500;  unless  otherwise  noted. 

2.  Amend  8  17.11(h)  for  animals  by 
adding  the  following,  in  alphabetical 
order  under  MFishesH  to  the  List  of 
Endangered  and  Threatened  Wildlife: 

$17.11  Endangered  and  threatened 
wildlife. 

{h)‘ 
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Species  Vertebrate 
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• 

• 

T 

• 

• 

• 

444 

• 

NA 

1 7.44(v) 

3.  Amend  1 17.44  by  adding  paragraph 
(v)  to  read  as  follows: 

$  17.44  Special  nilra— ' fishes. 

•  •  *  *  • 

(v)  Gulf  sturgeon  [Acipenser 
oxyrhynchtts  desoioi\.  (1)  No  person 
shall  take  this  species,  except  in 
accordance  with  applicable  State  fish 
and  wildlife  conservation  laws  and 
regulations  for  educational  purposes, 
scientific  purposes,  the  enhancement  of 
propagation  or  survival  of  the  species, 
zoological  exhibition,  or  other 
conservation  purposes  consistent  with 
the  Act 

(2)  Any  violation  of  applicable  State 


fish  and  wildlife  conservation  laws  or 
regulations  with  respect  to  taking  of  this 
species  is  also  a  violation  of  the 
Endangered  Species  Act 

(3)  No  person  shall  possess,  sell, 
deliver,  carry,  transport  ship,  import  or 
export  by  any  means  whatever,  any  of 
this  species  taken  in  violation  of 
applicable  State  fish  and  wildlife 
conservation  laws  or  regulations. 

(4)  It  is  unlawful  for  any  person  to 
attempt  to  commit  solicit  another  to 
commit  or  cause  to  be  committed,  any 
offense  defined  in  paragraphs  fv)  (1) 
through  (3)  of  this  section. 

(5)  Taking  of  this  species  for  purposes 
other  than  those  described  in  paragraph 


(v)(l)  of  this  section,  including  taking 
incidental  to  otherwise  lawful  activities, 
is  prohibited  except  when  permitted 
under  50  CFR  17.32. 

Dated:  August  S.  1091 
Richard  N.  Smith, 

Acting  Director,  fish  and  Wildlife  Serf* ce. 

Dated:  August  XX 1WL 
Michael  F.  Tillman, 

Deputy  Assistant  Administrator  for  Fisheries. 
National  Marine  Fisheries  Service,  National 
Oceanic  and  Atmospheric  Administration, 
Department  of  Commerce. 
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Introduction 


Historically,  Gulf  sturgeon  supported  both  substantial  commercial  and  limited  recreadonal 
fisheries  throughout  much  of  its  range,  which  extended  from  Tampa  Bay,  FL  west  to  the 
Mississippi  River  (U.S.  Commission  of  Fish  and  Fisheries  1902,  Burgess  1963,  Lee  et  al.  1980). 
However,  abundance  has  decreased  substantially  from  historical  levels  due  to  overexploitation  and 
habitat  loss  (USFWS,  GSMFC,  and  NMFS  1995).  The  State  of  Florida  prohibited  harvest  of 
Gulf  sturgeon  in  1984  and  the  species  was  designated  as  threatened  by  the  U.S.  Fish  and  Wildlife 
Service  (USFWS)  and  National  Marine  Fisheries  Service  (NMFS)  in  1991. 

According  to  the  Gulf  sturgeon  Recovery  Plan,  a  critical  step  in  the  restoration  process  is  to 
identify  essential  habitats  in  river  basins,  estuaries  and  nearshore  marine  waters  (USFWS, 

GSMFC,  and  NMFS  1995).  Most  studies  to  date  have  focused  on  freshwater  habitat  (Huff 
1975,  Wooley  et  al.  1982,  Wooley  and  Crateau  1985,  Chapman  and  Carr  1995,  Clugston  et  al. 
1995,  Potak  et  al.  1995,  Carr  et  al.  1996a,  Carr  et  al.  1996b,  Marchant  and  Shutters  1996,  Foster 
and  Clugston  1997,  Fox  and  Hightower  1998,  Sulak  and  Clugston  In  press),  and  little  work  has 
been  done  on  estuarine  and  neretic  habitat  requirements  (Odenkirk  1989,  Carr  et  al.  1996b).  Much 
of  our  existing  knowledge  of  marine  and  estuarine  distribution  comes  horn  known  incidental 
bycatch  records  provided  by  fishermen  (Wooley  and  Crateau  1985).  The  Recovery  Plan  addresses 
this  need  by  recommending  the  use  of  ultrasonic  telemetry  to  monitor  Gulf  sturgeon  movement 
patterns  in  estuarine  and  marine  waters,  where  it  is  believed  that  most  feeding  and  growth  occurs 
(Mason  and  Clugston  1993,  Carr  et  al.  1996b).  Specifically  recommended  are  collaborative 
studies  between  NMFS,  USFWS,  and  NBS  (now  USGS)  in  order  to  identify  fall  and  winter 
habitats.  Once  estuarine  and  marine  distribution  patterns  have  been  characterized,  habitat  utilization 
studies  can  begin  to  better  define  essential  habitat  requirements  (USFWS,  GSMFC,  and  NMFS 
1995). 

This  study  is  being  conducted  within  Choctawhatchee  Bay,  Florida  and  nearshore  Gulf  of 
Mexico  waters  (Fig.  1).  The  Choctawhatchee  River  system  is  important  because  it  supports  a  Gulf 
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sturgeon  population  that  is  genetically  distinct  from  all  other  river  systems  (Stabile  et  al.  1996).  In 

addition,  the  Choctawhatchee  River  is  one  of  the  few  remaining  relatively  undisturbed  rivers  in 
Florida  and  has  no  obstructions  to  migration. 

Study  objectives  include:  (1)  determining  timing  and  distribution  patterns  of  estuarine  and 
nearshore  marine  use,  (2)  comparing  used  and  available  habitat  to  ascertain  if  habitat  selection  is 
occurring,  (3)  determining  how  sex  and  reproductive  status  influence  estuarine  distribution 
patterns.  The  results  will  also  be  compared  to  those  of  other  Gulf  of  Mexico  river  systems  to 
examine  the  importance  of  the  estuarine  component  of  Gulf  sturgeon  life  history. 

Methods 

In  conjunction  with  a  previous  research  program  to  identify  Gulf  sturgeon  spawning 
habitat,  we  collected  fish  that  were  large  enough  to  be  sexually  mature  (fork  length  >  1.3  m.  Huff 
1975).  Large-mesh  (25-36  cm)  anchored  gill  nets  were  used  to  collect  fish  in  the  vicinity  of  Live 
Oak  Point,  Choctawhatchee  Bay  (Fig.  1)  during  March-April  1997  and  March  1998  before  the  fish 
began  their  upstream  migradon.  Soak  times  were  limited  to  4  hours  in  an  effort  to  reduce 

incidental  mortalities.  Nets  were  fished  24  hours  a  day  during  favorable  weather  conditions. 

Captured  fish  were  anesthetized  (MS-222),  measured  (total  length  and  fork  length  in  cm)  and 
weighed  (g),  and  a  small  incision  was  made  in  order  to  determine  the  sex  of  the  fish  and  to  collect  a 
small  (<10  g)  gonadal  biopsy  for  later  determination  of  reproductive  state.  Reproductive  stages 
were  classified  on  the  basis  of  the  histological  results  and  individuals  assigned  to  one  of  the 
following  categories:  immature,  maturing,  and  ripe  (Chapman  et  al.  1996). 

During  1997,  both  a  radio  (Advanced  Telemetry  Systems  model  5A,  40-41  mHz)  and 
ultrasonic  (Sonotronics  model  CHP-87-XL,  35-38.4  kHz )  transmitter  were  implanted  into  the 
abdomen  of  selected  fish.  In  1998,  only  ultrasonic  transmitters  were  placed  into  fish.  The 
transmitters  have  a  guaranteed  tag  life  of  two  years.  The  radio  tags  were  used  in  the  companion 
study  to  monitor  the  spawning  migration  while  these  fish  were  in  the  Choctawhatchee  River. 
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Following  tag  implantation,  the  incision  site  was  closed  with  sutures  and  the  fish  was  injected  with 
prophylactic  antibiotics  prior  to  release  (Fox  and  Hightower  1998). 

We  conducted  limited  searches  of  Choctawhatchee  Bay  during  the  spring  of  1997,  before 
the  fish  migrated  from  the  Bay  into  the  River.  The  Bay  was  also  periodically  searched  following 
the  return  of  fish  to  the  Bay  in  October-November  of  1997.  Beginning  in  early  January  1998,  the 
Bay  was  searched  on  weekly  intervals  until  mid-June.  During  these  searches,  we  listened  for 
telemetered  fish  at  intervals  along  transects  that  were  spaced  according  to  existing  listening 
conditions.  A  similar  approach  was  used  within  Albemarle  Sound,  NC,  to  establish  habitat  use 
and  preference  of  telemetered  striped  bass  (Haeseker  et  al.  1996).  Additional  searches  of 
surrounding  Bays  (Escambia  and  Saint  Andrew),  Sounds  (Santa  Rosa  and  Big  Lagoon)  and 
nearshore  Gulf  of  Mexico  waters  were  made  when  time  and  weather  permitted  (Fig.  1).  Jointly 
with  the  FWS,  data-logging  receiving  stations  were  maintained  (November-June)  at  the  mouth  of 
Choctawhatchee  Bay  and  the  Santa  Rosa  Sound  entrance  in  order  to  detect  migrations  in  and  out  of 
the  Bay.  These  receivers  were  checked  weekly  for  relocation  information  and  to  change  batteries. 

The  following  habitat  parameters  were  recorded  at  locations  of  telemetered  fish:  substrate 
type,  depth,  turbidity,  temperature  (surface  and  bottom),  and  salinity  (surface  and  bottom).  In 
addition,  the  presence  or  absence  of  any  potential  prey  items  was  noted  during  the  collection  of  the 
substrate  sample.  Locations  of  telemetered  fish  were  entered  into  a  GIS  database  in  order  to 
examine  habitat  availability,  use,  and  preference. 

To  examine  the  duration  of  estuarine-marine  residence,  we  determined  the  date  of  river 
entry  (migration  from  estuary  to  river).  This  date  was  estimated  using  a  combination  of  radio  and 
ultrasonic  telemetry  equipment,  based  on  searches  in  the  lower  1 10  kilometers  of  the 
Choctawhatchee  River.  Searches  within  the  River  began  during  early  February  1997  and  in  early 
March  1998.  These  searches  continued  on  at  least  a  bi-weekly  basis  through  early  July  during 
both  years. 


4 


Results 

In  1997,  sampling  for  Gulf  sturgeon  began  on  February  20  and  concluded  on  April  3.  A 
total  of  35  Gulf  sturgeon  were  collected  between  March  3  and  April  3  (Table  1).  There  were  also 
two  mortalities  during  these  collections.  Twenty  fish  (7  males  and  13  females)  were  determined  to 
be  of  suitable  size,  sex,  and  reproductive  status  for  the  implantation  of  transmitters  (Table  2). 
Twenty-five  sonic  transmitters  were  purchased  for  this  study;  however,  sampling  ceased  before  the 
last  five  tags  were  implanted  due  to  logistical  conflicts  with  the  spawning  migration  study.  During 
1998,  sampling  for  Gulf  sturgeon  was  limited  by  weather  and  tracking  commitments.  On  March 
26-27,  a  total  of  four  fish  were  captured  during  one  sampling  trip  (Table  3).  Of  these  four  fish, 
two  were  deemed  suitable  for  transmitter  implantation  (Table  4). 

Three  of  the  telemetered  males  (42.9%)  captured  during  1997  were  determined  to  be  ripe 
with  the  remaining  four  classified  as  immature  (Table  2).  For  females,  one  fish  was  classified  as 
ripe  (7.7%),  one  classified  as  immature  (7.7%),  and  the  remaining  eleven  fish  were  all  classified  as 
maturing  (84.6%).  Histological  analysis  of  the  biopsies  from  the  1998  fish  are  not  yet  completed 
but  preliminary  examination  indicates  that  one  fish  was  a  non-ripe  female  while  the  other  was  a 
male  of  undetermined  reproductive  stage  (Table  4). 

During  both  years,  most  fish  moved  from  the  collection  area  and  dispersed  throughout  the 
Bay  or  into  the  River  shortly  after  tagging.  Based  on  tag  movement,  there  were  no  known  tag 
expulsions  or  post-surgical  mortalities  during  1997.  One  of  the  fish  (98-03)  that  received  a 
ultrasonic  transmitter  in  1998  continued  to  move  from  the  date  of  tagging  (March  27)  until  May  15 
(Table  4).  Following  this  date,  the  fish  remained  stationary  until  the  completion  of  the  tracking 
period  (mid- June).  It  seems  likely  that  this  fish  has  either  died  or  expelled  its  transmitter  The 
relocations  from  this  fish  have  been  excluded  from  the  analyse 

During  1998,  weekly  searches  of  Choctawhatchee  Bay  were  made  between  mid-January 
and  mid- June.  As  time  and  weather  permitted,  additional  searches  were  made  in  the  surrounding 
Gulf  of  Mexico,  Santa  Rosa  Sound,  Big  Lagoon,  St  Andrew  Bay,  and  the  Choctawhatchee  River. 
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Additional  searches  of  Escambia  Bay,  and  both  the  Yellow  and'Escambia  Rivers  (Fig.  1)  were 
made  by  Honda  Department  of  Environmental  Protection  researchers  in  a  complimentary  Gulf 
sturgeon  research  program.  A  total  of 200  relocations  (Fig.  2)  were  made  on  21  acoustically 
tagged  Gulf  sturgeon  for  an  average  of  9.5  relocations  per  individual.  Of  the  20  individuals  that 
were  tagged  during  1997,  18  (90%)  individuals  were  relocated  during  the  1998  sampling  season 
(Table  5).  This  high  return  rate  of  fish  tagged  the  previous  year  provides  evidence  that  internal 
implants  are  an  appropriate  method  of  ultrasonic  transmitter  placement  for  long-term  studies  on 

Gulf  sturgeon. 

Weekly  searches  of  Choctawhatchee  Bay  provided  much  information  on  Gulf  sturgeon 
estuarine  habitat  use.  Gulf  sturgeon  primarily  occupied  nearshore  areas  (Fig.  3).  The  mean  depth 
at  relocation  sites  was  2.8  m  and  fish  were  found  in  the  2-4  m  depth  strata  the  majority  (54%)  of 
the  time  (Fig.  4).  In  general.  Gulf  sturgeon  were  found  primarily  over  sandy  bottoms  (53%)  and 
were  relocated  infrequently  in  seagrass  beds  (Fig  4).  Distribution  within  the  Bay  appears  to  be 
nonrandom.  Fish  were  more  frequently  located  in  the  eastern  portion  of  the  Bay,  particularly  in  the 
area  of  Hogtown  Bayou  (Fig.  3  and  5).  Relocations  in  deeper  water  were  infrequent;  Gulf 
sturgeon  appeared  to  use  the  deeper  Bay  waters  for  moving  between  shoreline  areas.  Gulf 
sturgeon  occasionally  moved  long  distances  rapidly  (as  evidenced  by  relocations  of  fish  on 
consecutive  days)  but  often  remained  in  localized  areas  (<1  km2)  for  prolonged  periods.  Substrate 
samples  at  relocation  sites  showed  very  low  abundance  of  benthic  macroinvertebrates.  Bivalves 
and  soft  bodied  marine  worms  (Annelids)  were  the  only  large  (>1  cm)  prey  items  that  were  found. 

The  timing  of  movement  from  the  estuary  into  the  River  varied  considerably  among 
individuals.  During  1997,  the  first  fish  departed  the  Bay  on  March  26  while  the  last  moved  upnver 
on  June  26  (Table  2).  In  1998,  the  first  fish  moved  into  the  River  on  March  31  and  three  fish  were 
unaccounted  for  in  the  River  and  were  assumed  to  be  either  in  the  Bay  or  the  Gulf  on  July  6  (last 
bi-weekly  search  effort)  (Table  5).  Interannual  differences  in  the  timing  of  river  entry  also  varied 
considerably  for  individual  fish  (Fig.  6).  A  total  of  six  males  tagged  during  the  1997  season 
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recumed  to  the  Choctowhatchee  River  to  i998.  Five  of  these  six  (83%)  fish  returned  at  an  earlier 
date  in  1998.  The  cotrelation  between  dates  ofriverentty  to  1997  and  1998  for  males  was 
marginally  significant  (P=.H.r=  .50).  For  females,  a  total  of  1 1  fish  togged  to  1997  tetumed  to 

1998.  We  were  able  to  determine  date  of  river  entry  for  10  of  the  11  fish.  The  remaining  female 

(97-22)  was  relocated  in  the  River  for  the  first  time  on  September  30.  This  fish  was  previously 
relocated  to  Choctowhatchee  Bay  on  June  2.  I,  is  likely  thatthis  fish  entered  the  River  btween  July 
6  (date  of  last  bi-weekly  river  search)  and  the  end  of  September,  although  a  specific  date  cannot  be 
determined.  Of  those  females  for  which  date  of  river  entty  was  determined,  six  of  the  10  (60%) 

the  River  at  an  earlier  date  to  1998.  Females  exhibited  no  significant  cotrelation  (p=  .67. 
r=  .02)  in  the  dates  of  river  entty  between  years. 


Our  results  also  indicant  that  Gulf  sturgeon  are  capable  of  entering  the  river  on  more  than 

one  occasion  during  their  spring  migration.  During  the  last  two  field  seasons,  we  have  recorded 

three  fish  exhibiting  this  pattern.  One  male  fish  (97-08)  moved  between  the  River  and  Bay  twice 

fiom  mid-May  tough  eariy  June  (Table  2).  During  the  1998  field  season,  two  females  (97-12 

and  97-28)  moved  between  the  River  and  the  Bay  on  several  dates  (Fig  7-8,  Table  5).  One  of 

these  fish  (97-28)  was  recorded  moving  fiom  the  Bay  to  the  River  on  three  separate  events. 

During  this  period  fiom  mid-March  tough  mid-June,  the  fish  encountered  salinity  changes  of  10- 
20  ppt  within  1-7  days  (Fig  8). 


During  periodic  searches  of  nearshore  Gulf  of  Mexico  watere,  we  failed  to  retry,,,  any 
telemetered  fish.  However,  other  circumstantial  results  indicate  that  eight  out  of  the  20  (40%)  fish 
which  received  tags  in  the  spring  of  1997  occupied  Gulf  waters  for  extended  periods  of  time. 
Prolonged  periods  of  absence  (defined  here  as  >  6  weeks)  fiom  weekly  search  efforts  combined  to 
some  cases  with  relocations  at  the  remote  receiver  sites  (located  at  entrance  of  Choctowhatchee 
Bay)  suggest  that  fish  were  absent  fiom  Bay  waters  for  extended  periods  of  time  (Fig.  7).  Six  of 
toe  fish  (97-04, 97-12, 97-16, 97-22, 97-23,  and  97-27)  were  documented  returning  to  the 
Choctowhatchee  River  via  the  Bay.  The  final  two  fish  (97-14, 97-34)  are  unaccounted  for  since 
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Our  hypothesis  that  Gulf  sturgeon  are  foraging  in  shallow  shoreline  areas  rather  than  the 
deeper  portions  of  the  Bay  is  supported  by  the  distribution  of  infaunal  macroinvertebrates 
(Livingston  1986).  These  potential  prey  items  are  lowest  in  abundance  down  the  middle  of  Bay 
(deep  waters  with  high  silt  levels)  and  in  shallow  areas  characterized  by  sandy  sediments.  The 
probable  causes  for  the  observed  low  abundance  in  deeper  waters  are  low  dissolved  oxygen  levels 
and  the  high  percentage  of  silt  in  the  sediments  (Livingston  1986).  While  we  did  not  relocate  many 
fish  in  the  deeper  parts  of  the  Bay,  the  majority  of  our  fish  (53%)  were  relocated  in  areas  which  we 
classified  as  sand.  These  were  the  areas  which  were  also  classified  as  having  low  abundance  of 
infaunal  macroinvertebrates  (Livingston  1986).  A  possible  reason  for  this  finding  lies  in  the  lack 
of  ngor  m  which  we  assigned  substrate  type.  We  classified  substrate  visually  while  Livingston 
(1986)  conducted  quantitative  particle  size  analysis  to  derive  sediment  composition.  Perhaps  some 
of  the  sediments  which  we  classified  as  sand  would  be  classified  as  a  category  with  finer  grain  size 
(e.g.  sand-mud,  mud)  using  a  more  quantitative  approach. 

Other  researchers  have  indicated  that  the  primary  period  of  growth  for  Gulf  sturgeon  occurs 
while  they  occupy  the  estuarine  and  marine  components  of  their  habitat  (Mason  and  Clugston 
1993,  Clugston  et  al.  1995,  Carr  et  al.  1996b).  While  we  do  not  have  many  direct  measurements 
of  growth  (via  recaptures),  we  have  been  able  to  examine  the  gut  contents  of  individuals  which 
died  during  sampling.  The  digesdve  tracts  of  these  individuals  have  been  full  of  both  ghost  shrimp 
( Lepedophthalmus  louisianensis)  and  an  associated  commensal  shrimp  (Leptalpheus  forceps). 

Ghost  shrimp  are  an  okgohalme  burrower  that  is  found  concentrated  along  intertidal  and  subtidal 
substrates  which  range  from  sandy  mud  to  organic  silty  sand  (Felder  and  Lovett  1989).  The 
presence  of  ghost  shrimp  in  the  stomach  contents  of  Gulf  sturgeon  and  their  absence  in  our  benthic 
samples  indicates  that  our  method  of  sampling  is  not  adequate  for  describing  potential  prey  itpmc 

It  is  likely  that  our  samples  are  not  taken  deep  enough  to  collect  the  shrimp  which  can  burrow  deep 
in  the  soft  sediments. 
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While  we  have  not  relocated  Gulf  sturgeons  in  Gulf  waters  to  date,  our  results  provide 
strong  circumstantial  evidence  that  adult  Gulf  sturgeon  reside  in  the  marine  environment  for 
extended  periods  of  time,  possibly  for  periods  greater  than  one  year  in  length.  The  absence  of 
Gulf  sturgeon  from  nearby  rivers,  Bays,  and  surrounding  sounds  for  prolonged  periods  of  time 
leads  us  to  believe  that  these  individuals  are  exiting  the  Bays  and  entering  the  Gulf  of  Mexico. 
Based  on  a  limited  sample  size,  it  also  appears  that  female  Gulf  sturgeon  are  more  likely  to  enter 
the  Gulf  than  males.  Of  the  eight  individuals  which  we  hypothesize  to  have  left  Choctawhatchee 
Bay  and  entered  the  Gulf,  seven  (88%)  were  females.  Migration  into  Gulf  waters  may  be 
important  for  females  since  gonadal  development  has  a  higher  energetic  cost  for  females. 
Differences  have  been  documented  for  both  the  Gulf  sturgeon  and  the  closely  related  Atlantic 
sturgeon  for  both  condition  factor  and  gonadosomatic  index  with  regards  to  sex  of  the  individual 
(Huff  1975,  Van  Eenennaam  et  al.  1996).  Adult  female  Gulf  and  Atlantic  sturgeons  were  found  to 
have  both  a  condition  factor  and  gonadosomatic  index  that  was  significantly  higher  than  that  for 
males.  Assuming  the  nutrient  assimilation  is  the  same  between  sexes,  the  increase  in  gonadal 
weight  relative  to  body  weight  likely  requires  increased  nutrients  necessary  for  gonadal 
development.  Our  findings  provide  circumstantial  evidence  that  adult  female  Gulf  sturgeon  are 
utilizing  the  Gulf  of  Mexico  more  than  males  and  we  hypothesize  that  foraging  may  play  a  role  in 
this  behavior. 

Homing  fidelity  in  Gulf  sturgeon  is  thought  to  be  high  (Wooley  and  Crateau  1985,  Stabile 
et  al.  1996,  Foster  and  Clugston  1997).  This  high  degree  of  natal  stream  fidelity  is  proposed  as 
the  primary  mechanism  for  observed  genetic  structure  among  remaining  Gulf  sturgeon  populations 
(Stabile  et  al.  1996).  To  date,  all  records  of  straying  among  populations  have  been  between  the 
Apalachicola  and  Suwannee  Rivers  in  Florida.  The  straying  between  these  systems  is  thought  to 
be  the  cause  of  their  high  degree  of  genetic  similarity  (Stabile  et  al.  1996).  Alternatively,  that 
straying  has  been  documented  between  these  systems  may  be  due  to  the  relatively  high  research 
effort  that  has  been  directed  towards  these  rivers  in  comparison  to  other  systems. 
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Although  most  of  our  fish  have  returned  back  to  the  Choctawhatchee  River,  one  adult  male 
(97-07)  has  been  recently  relocated  in  the  Escambia  River  (>100  km  from  Choctawhatchee  Bay)  in 
a  complimentary  telemetry  (Florida  DEP)  study  of  Escambia  Bay  and  the  Escambia  and  Yellow 
Rivers.  This  record  of  straying  is  especially  interesting  since  the  Choctawhatchee  and  Escambia 
River  systems  are  thought  to  be  distinct  at  the  population  level  (Stabile  et  al.  1996).  It  had  been 
thought  that  only  juvenile  and  subadults  would  stray  (Jim  Barkalow,  USFWS  (retired),  personal 
communication).  However,  this  fish  (97-07)  was  an  adult  male  (classified  as  ripe  in  1997)  which 
was  also  found  on  documented  spawning  grounds  in  the  Choctawhatchee  River  during  1997  (Fox 
and  Hightower  1998). 

During  their  movement  from  estuarine  and  marine  waters  into  rivers,  Gulf  sturgeon 
reportedly  require  a  period  of  physiological  acclimation  to  changing  salinity  levels  (Wooley  and 
Crateau  1985,  Carr  and  Chapman  1995).  Our  results  indicate  that  adult  Gulf  sturgeon  require  very 
little  time  for  such  physiological  acclimation.  In  the  last  two  years,  we  have  recorded  three  adult 
Gulf  sturgeon  moving  from  the  upstream  spawning  grounds  back  into  the  Bay  for  periods  of  up  to 
a  month  in  time.  It  appears  that  Gulf  sturgeon  can  move  through  the  river/bay  interface  rapidly  and 
require  little  if  any  time  for  acclimatization.  These  findings  correspond  well  with  the  recent  work 
of  Altinok  (1997)  who  determined  that  by  age  one.  Gulf  sturgeon  have  developed  an  active 
mechanism  for  osmoregulation  and  ion  balance  in  a  euiyhaline  environment. 

Although  overexploitation,  habitat  loss  and  degradation  have  been  linked  to  Gulf  sturgeon 
declines  (Huff  1975,  Wooley  and  Crateau  1985)  we  know  very  little  about  the  role  of 
anthropogenic  impacts  on  sturgeon  while  they  are  in  the  estuaries  and  Gulf  waters.  We  observed 
marked  differences  in  habitat  use  within  Choctawhatchee  Bay  that  appear  to  be  unrelated  to  depth, 
salinity  or  substrate.  It  will  be  important  to  determine  whether  heavily  used  areas  (especially 
Hogtown  Bayou)  differ  in  some  habitat  characteristic  not  measured,  or  whether  other  apparently 
similar  areas  are  degraded.  Concerns  also  exist  about  declining  habitat  quality,  \yithin  the  Gulf  of 
Mexico.  Although  members  of  the  genus  Acipenser  are  thought  to  have  adaptations  to  hypoxic 
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conditions  (Burggren  and  Randall  1978),  large  areas  of  the  marine  benthic  community  in  the  Gulf 
of  Mexico  may  be  undergoing  rapid  deterioration  due  to  hypoxic  conditions  (Malakoff  1998). 
Further  progress  on  delineating  Gulf  sturgeon  marine  and  estuarine  distribution  patterns  should  aid 
in  predicting  how  declines  in  habitat  quality  will  affect  recovery  efforts  for  this  species. 

Future  plans  for  this  project  include  documenting  the  timing  of  river  departure  beginning  in 
the  fall  of  1998.  Following  the  arrival  of  the  fish  in  the  Bay,  weekly  systematic  searches  of  the 
Bay  are  planned.  These  searches  will  be  weather  dependent  and  if  appropriate  weather  conditions 
are  encountered,  searches  of  the  nearshore  Gulf  of  Mexico  waters  will  also  be  conducted.  We  also 
plan  to  re-deploy  the  two  remote  monitoring  stations  in  the  same  locations  as  in  1997-1998. 

Additional  collection  of  adult  Gulf  sturgeon  is  planned  for  the  winter  of  1998  to  find 
suitable  fish  for  the  remaining  seven  (3  remaining,  4  replacement)  sonic  tags.  Attempts  will  be 
made  to  catch  fish  as  early  as  possible  during  the  winter  months,  in  order  to  maximize  the  amount 
of  time  fish  are  resident  in  the  Bay  (before  river  entry).  Since  ripe  females  were  not  well 
represented  in  previous  collections,  sampling  will  be  focused  on  capturing  these  fish  if  possible.  If 
however,  we  are  unable  to  collect  ripe  individuals  early  in  the  winter,  we  will  then  place 
transmitters  into  fish  that  are  of  appropriate  size. 

To  gain  a  better  understanding  of  Gulf  sturgeon  habitat  requirements,  we  plan  to  begin 
systematically  sampling  both  physical  and  biological  parameters  in  the  area  of  Hogtown  Bayou. 

For  comparison  we  also  plan  to  select  at  least  two  other  bayous  in  Choctawhatchee  Bay  which  are 
not  frequented  by  telemetered  fish.  We  plan  to  set  up  monthly  transects  in  each  of  theses  sampling 
locales  to  examine  the  temporal  aspects  of  both  of  prey  abundance  and  physical  parameters. 

The  exact  number  of  both  transects  and  the  sampling  points  along  the  transects  will  be  determined 
later. 

At  each  sampling  location  we  plan  to  take  a  substrate  sample  with  either  a  box-core  or  Van- 
veen  grab  as  they  are  more  suited  to  sampling  in  soft  substrates.  Substrate  cores -will  be  washed 
through  a  small  mesh  (.5  cm)  screen  to  separate  out  potential  prey  items,  which  will  be  preserved 
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monthly  transects  in  each  of  theses  sampling  locales  to  examine  the  temporal  aspects  of  both  of 
prey  abundance  and  physical  parameters. 

The  exact  number  of  both  transects  and  the  sampling  points  along  the  transects  will  be  determined 
later. 

At  each  sampling  location  we  plan  to  take  a  substrate  sample  with  either  a  box-core  or  Van- 
veen  grab  as  they  are  more  suited  to  sampling  in  soft  substrates.  Substrate  cores  will  be  washed 
through  a  small  mesh  (.5  cm)  screen  to  separate  out  potential  prey  items,  which  will  be  preserved 
for  later  taxonomic  identification.  Sediment  samples  will  be  labeled  and  taken  back  to  the  lab  for 
quantitative  analysis.  At  each  location,  temperature,  dissolved  oxygen,  and  salinity  will  be 
recorded  at  hoth  surface  and  bottom.  Turbidity  will  also  be  recorded  at  the  surface.  We  also  plan 
to  record  the  above  mentioned  physical  and  biological  parameters  at  each  relocation  of  telemetered 
Gulf  sturgeon. 
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Introduction 


Sturgeons  (family:  Acipenseridae)  are  limited  to  the  northern  hemisphere  and  occur 
in  habitats  ranging  from  fresh  to  saltwater.  With  few  exceptions,  sturgeons  are  thought  to 
be  particularly  threatened  by  anthropogenic  impacts  due  to  their  life  history  patterns 
(Rochard  et  al.  1990).  Most  species  require  many  diverse  habitats  which,  when  coupled 
with  a  late  age  at  first  reproduction  and  a  long  maturation  cycle,  makes  them  very  sensitive 
to  perturbations  (Waldman  1995).  The  declines  in  abundance  of  this  ancient  group  offish 
have  been  attributed  to  overexploitation  (Birstein  1993,  Boreman  1997),  habitat  loss 
(Kynard  1997)  and  to  a  lesser  extent,  pollution  (Ruban  1997).  At  present,  all  extant 
sturgeon  species  can  be  considered  threatened  and  several  North  America  species  are  listed 
as  endangered.  Nonetheless,  the  prognosis  for  most  North  American  species  is  generally 
considered  to  be  better  than  that  of  their  Eurasian  counterparts  (Birstein  et  al.  1997). 

The  Atlantic  sturgeon,  Acipenser  oxyrinchus,  is  comprised  of  two  disjunct 
subspecies  along  the  Atlantic  and  Gulf  coasts.  These  are  the  Gulf  of  Mexico  form,  A.  o. 
desotoi,  (hereafter  referred  to  as  Gulf  sturgeon),  and  the  allopatric  East  Coast  form,  A.  o. 
oxyrinchus  (referred  to  as  Atlantic  sturgeon  for  the  remainder  of  this  paper).  Vladykov 
(1955)  and  Wooley  (1985)  examined  the  morphological  characteristics  of  fish  from  the  two 
areas  and  concluded  that  they  warranted  subspecies  taxonomic  recognition.  Rivas  (1954) 
proposed  that  the  emergence  of  peninsular  Florida  and  the  warm  waters  of  the  Gulf  stream 
which  bound  it  provided  a  mechanism  for  the  divergence.  From  a  life  history  perspective, 
it  appears  that  distinctions  between  the  two  exist  to  support  this  hypothesis  (Huff  1975, 
Carr  et  al.  1996a,  Bain  1997,  Foster  and  Clugson  1997,  Smith  and  Clugston  1997).  In 
addition,  Ong  et  al.  (1996)  found  differences  in  mitochondrial  DNA  that  support  a 
subspecies  designation  for  the  Gulf  sturgeon.  Genetic  studies  have  also  shown  that 
regional  or  river-specific  populations  of  Gulf  sturgeon  exist  throughout  their  present-day 
distribution  (Stabile  et  al.  1996). 
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Gulf  sturgeon  have  one  of  the  southernmost  distributions  of  sturgeon  worldwide 
(Bemis  and  Kynard  1997).  Historically,  Gulf  sturgeon  ranged  throughout  the  Gulf  of 
Mexico  from  Louisiana  to  Cedar  Key,  Florida.  However,  they  have  been  extirpated 
throughout  much  of  their  range  and  present  distribution  is  from  east  of  the  Mississippi 
River  to  the  Suwannee  River,  Florida  (Reynolds  1993). 

Historically,  Gulf  sturgeon  supported  both  commercial  and  sport  fisheries  in 
Florida  (U.S.  Commission  of  Fish  and  Fisheries  1902,  Burgess  1963,  Smith  and  Clugston 
1997).  Overall,  these  fisheries  showed  many  signs  of  overexploitation.  Initial  catch  rates 
were  frequently  high  in  localized  areas,  followed  by  much  decreased  catch  rates  that  often 
forced  the  harvesters  to  move  to  another  river  system  (Huff  1975).  In  1984,  the  state  of 
Florida  ended  harvest  in  all  state  waters.  This  was  followed  in  1991  by  Federal 
designation  of  Gulf  sturgeon  as  a  threatened  species. 

In  an  effort  to  prevent  future  declines  and  to  bolster  the  current  Gulf  sturgeon 
population  levels,  the  U.  S.  Fish  and  Wildlife  Service  and  the  Gulf  States  Marine  Fisheries 
Commission  completed  a  Recovery/Fisheiy  Management  Plan  for  the  subspecies  that 
identified  the  need  to  collect  information  on  habitat  requirements  (U.  S.  Fish  and  Wildlife 
Service  and  the  Gulf  States  Marine  Fisheries  Commission  1995).  This  plan  specifically 
cites  the  need  for  information  regarding  the  location,  timing  and  site  characteristics  of 
essential  spawning  habitat.  The  report  recommends  the  use  of  radio  and  ultrasonic 
telemetry  in  order  to  locate  habitat  that  may  be  important  for  reproduction. 

The  NC  Cooperative  Fish  and  Wildlife  Research  Unit  has  conducted  radio  telemetry 
studies  of  Gulf  sturgeon  within  the  Apalachicola  and  Choctawhatchee  rivers,  FL.  for  the 
past  five  years.  These  tracking  studies  have  been  carried  out  in  concert  with  other  ongoing 
telemetry  projects  in  the  Suwannee  River  in  an  effort  to  better  understand  Gulf  sturgeon 
habitat  requirements  (Chapman  and  Carr  1995,  Foster  and  Clugston  1997).  However,  one 
disadvantage  of  the  previous  work  is  that  the  sex  and  reproductive  status  of  tagged  fish  was 
not  generally  known.  Chapman  and  Carr  (1995)  examined  sex  and  reproductive  status  of 
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individuals  prior  to  tag  placement,  but  excluded  male  fish  from  their  analyses,  and  did  not 
report  how  the  reproductive  status  of  females  influenced  migratory  patterns.  Recent  work 
on  Atlantic  sturgeon  migration  indicated  that  both  the  sex  and  reproductive  status  of 
individual  fish  can  affect  the  migratory  behavior  of  Atlantic  sturgeon  (Van  Eenennaam  et  al. 
1 996).  This  information  on  the  underlying  mechanisms  of  migration  is  important  to 
fisheries  managers  who  are  charged  with  the  task  of  monitoring  the  recovery  of  Gulf 
sturgeon  populations. 

Evidence  for  differential  habitat  utilization  in  Gulf  sturgeon  based  on  sex  and/or 
reproductive  status  is  largely  circumstantial  at  present.  Shubina  (1971)  found  that 
migration  routes  differed  by  sex  for  Sevryuga  (A.  stellatus ).  Huff  (1975)  noted  that  the 
low  capture  rate  of  spent  females  in  surveys  gave  some  support  for  the  hypothesis 
proposed  by  Shubina.  This  idea  of  differential  migratoiy  patterns  was  also  supported  by 
the  work  of  Carr  et  al.  (1996b).  Based  on  a  multi-year  sampling  effort  at  the  mouth  of  the 
Suwannee  River,  Carr  et  al.  (1996b)  reported  that  timing  of  river  entrance  is  related  to  sex 
of  individual  sturgeon.  This  work  suggests  that  there  is  a  need  to  examine  the  roles  that 
sex  and  reproductive  status  play  on  habitat  selection. 

Habitat  requirements  for  successful  spawning  form  a  critical  component  of  a  fish’s 
life  history.  Unfortunately,  early  efforts  to  delineate  Gulf  sturgeon  spawning  locations 
were  largely  unsuccessful.  Huff  (1975)  was  unable  to  collect  eggs  or  larval  sturgeon  in 
one-meter  plankton  nets  stationed  near  the  bottom  of  the  Suwannee  River.  In  the 
Apalachicola  River,  some  information  on  the  location  of  spawning  sites  was  derived  by  the 
capture  of  three  Gulf  sturgeon  larvae  (Wooley  et  al.  1982,  Foster  et  al.  1988).  Recent 
efforts  to  delineate  Gulf  sturgeon  spawning  habitat  have  been  primarily  through  the  use  of 
artificial  substrates  to  collect  eggs  (Marchant  and  Shutters  1996,  Sulak  and  Clugston  In 
press).  Over  a  two-year  period,  Marchant  and  Shutters  (1996)  were  able  to  collect  Gulf 
sturgeon  eggs  at  four  discrete  locations  within  the  Suwannee  River,  FL.  This  provided  the 
first  insights  into  the  location  and  timing  of  Gulf  sturgeon  spawning.  Additional  detail 
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regarding  habitat  characteristics  of  two  Gulf  sturgeon  spawning  locations  has  since  been 
documented  for  the  Suwannee  River  (Sulak  and  Clugston  In  press). 

A  combination  of  approaches  have  been  used  to  identify  spawning  sites  for  other 
sturgeon.  The  collection  of  eggs  and  larvae  via  the  use  of  artificial  substrate,  plankton  nets, 
beam  trawls  and  observation  of  spawning  activity  has  provided  insights  into  the  spawning 
requirements  for  white  sturgeon  (A.  transmontanus)  (McCabe  1990,  Parsley  et  al.  1993, 
McCabe  and  Tracy  1994).  For  shortnose  sturgeon  (A.  brevirostrum),  spawning  sites  have 
been  characterized  via  the  use  of  telemetry  to  examine  movement  patterns,  and  by  netting  to 
examine  reproductive  status  of  fish  at  hypothesized  spawning  sites  (Buckley  and  Kynard 
1985,  Hall  et  al.  1991,  Kieffer  and  Kynard  1993).  Harkness  and  Dymond  (1961) 
collected  ripe  lake  sturgeon  {A.  fluvescens )  with  spears  and  were  able  to  artificially 
propagate  viable  offspring  from  the  spawn.  From  these  results,  they  concluded  that  they 
had  identified  the  spawning  grounds  for  the  lake  sturgeon  in  Lake  Nipgon,  Canada  The 
presence  of  sturgeon  eggs  in  the  intestines  of  benthic  fishes  has  been  used  to  identify 
spawning  sites  for  the  Chinese  sturgeon  (A.  sinensis)  (Zhong-Ling  and  Yan  1991). 

Atlantic  sturgeon  spawning  sites  have  been  identified  through  the  use  of  radio  telemetry, 
capture  of  larvae,  collection  of  ripe  individuals,  and  levels  of  reproductive  hormones  and 
metabolites  (Dovel  and  Berggen  1983,  Van  Den  Avyle  1984,  Van  Eenennaam  1996). 

Information  on  the  spawning  habitat  requirements  of  Gulf  sturgeon  is  an  essential 
part  of  a  recovery  program  for  this  species.  With  recent  evidence  showing  genetically 
distinct  subunits  of  Gulf  sturgeon  existing  throughout  the  Gulf  of  Mexico  (Stabile  et  al. 

1996),  efforts  must  be  taken  to  examine  spawning  habitat  and  life  history  characteristics 
within  individual  river  systems. 

Our  primary  objective  for  the  1996-1997  field  seasons  was  to  delineate  probable 
spawning  sites  for  Gulf  sturgeon  in  the  Choctawhatchee  River  system,  Alabama-Florida. 

This  objective  was  addressed  by  tracking  radio-tagged  fish  during  the  spawning  season  and 
deploying  egg  collectors  in  areas  where  telemetry  evidence  indicated  that  adult  fish  were 
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present  (Merchant  and  Shutters  1996).  A  secondary  objective  was  to  examine  the  role  that 
sex  and  reproductive  status  played  on  both  movement  patterns  and  habitat  selection. 

Specific  objectives  of  this  project  were  as  follows: 

1.  Identify  probable  spawning  sites  for  Gulf  sturgeon  within 

the  Choctawhatchee  River,  Alabama-Florida  via  the  use  of  radio  telemetry, 
egg  sampling  and  gonadal  histology. 

2.  Compare  habitat  use  during  the  spawning  season  with  available  habitat 
to  determine  if  adult  fish  are  preferentially  using  specific  habitat. 

3.  Examine  the  distribution  of  available  habitat  to  assess  what  factors  might 
be  contributing  to  spawning  site  location 

4.  Compare  the  results  of  this  study  with  work  conducted  on  other 
river  systems  and  sturgeon  species  to  evaluate  the  generality  of  the  results. 

Material  and  Methods 

Study  Area 

The  Choctawhatchee  River  originates  in  southeastern  Alabama  and  flows 
southward  approximately  280  km  through  Florida  into  Choctawhatchee  Bay  (Figure  1). 

The  river  drains  a  watershed  in  excess  of  12,000  square  km  and  has  an  average  discharge 
of  198  m3  which  makes  it  the  third  largest  river  in  Florida  (Bass  et  al.  1980).  The 
watershed  is  mostly  agricultural  or  forested  in  nature  with  relatively  low  levels  of 
urbanization,  especially  in  the  headwaters.  The  Choctawhatchee  River  is  relatively  unique 
when  compared  to  other  river  systems  in  the  Gulf  of  Mexico  region  due  to  the  lack  of 
impoundments  on  its  mainstem.  Two  major  tributaries  contribute  to  the  Choctawhatchee 
River,  the  Pea  River  in  the  northern  portion  of  the  watershed  and  Holmes  Creek  which  is 
the  major  tributary  in  Florida.  The  Pea  River  is  located  almost  entirely  within  Alabama  and 
there  is  a  run-of-the-river  dam  located  on  the  Pea  River  at  river  kilometer  (rkm)  191. 
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Sampling  Location  and  Collection  of  Specimens 

Netting  operations  were  conducted  both  at  the  mouth  of  the  Choctawhatchee  River 
and  within  Choctawhatchee  Bay,  FL.  Sampling  was  concluded  when  all  transmitters  had 
been  implanted  within  fish  large  enough  to  be  sexually  mature  (fork  length  >1.3m.  Huff 
1975)  or  when  ripe  fish  were  determined  to  be  in  the  river.  It  should  be  noted  that  most 

fish  captured  during  this  study  were  implanted  with  one  PIT  tag  and  2-4  Floy  ®tags  for 

external  identification.  These  tags  will  assist  in  ongoing  work  which  is  focusing  on  the 
abundance  and  population  structure  of  Gulf  sturgeon  in  the  Florida  panhandle  region.  Fish 
numbers  listed  in  this  report  were  assigned  on  the  order  of  collection. 

In  order  to  collect  primarily  adult  fish,  we  used  anchored  gill  nets  deployed 
perpendicular  to  the  shoreline  so  as  to  maximize  the  intercept  area  for  migrating  fish. 

During  1996,  nets  were  typically  set  prior  to  dusk  and  checked  periodically  over  the  course 
of  the  night.  All  nets  were  pulled  shortly  after  first  light  and  checked  for  both  fish  and 
needed  repairs.  In  1997,  weather  permitting,  nets  were  fished  around  the  clock  and 
checked  at  4-hour  intervals  in  accordance  with  collection  permits  issued  by  the  Florida 
Dept,  of  Environmental  Protection.  Since  soak  times  were  low  (<4  hours)  and  water 
temperatures  were  cool  (<22°Q,  we  expected  to  encounter  very  low  mortality  rates. 

E.S.h  Handling  Procedures/Sample  Collertinn 

Captured  fish  were  lifted  into  the  bottom  of  the  vessel,  removed  from  the  net, 
measured  (both  total  length  and  fork  length)  to  the  nearest  mm  and  weighed  to  the  nearest 
0.5  kg.  All  fish  collected  were  examined  for  external  Floy  tags  and  checked  with  a  PIT  tag 
reader  for  the  presence  of  PIT  tags.  We  then  placed  fish  into  an  anesthetic  bath  consisting 
of  a  mixture  of  tricaine  methane  sulfonate  (tradename:  MS-222)  and  bay  water. 
Concentrations  of  the  anesthetic  bath  were  maintained  at  50-100  mg/L  (Harms  and  Bakal 
1994)  and  the  subject  was  constantly  monitored  (e.g.  respiratory  rate  and  ability  to  maintain 
balance)  for  anesthetic  effects.  Concentration  levels  were  raised  or  lowered  until  the 
desired  level  of  anesthesia  was  achieved. 
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Once  the  fish  became  fully  anesthetized,  an  injection  of  Oxytetracycline  (10  mg/kg) 
was  given  with  a  sterile  syringe  into  the  dorsal  fin  sinuses.  No  more  than  4  ml  was 
injected  into  any  one  site.  Once  the  administration  of  antibiotics  was  complete,  we  then 
used  a  sterile  heparinized  syringe  (21  gauge)  to  collect  a  3-5  ml  blood  sample  for 
quantification  of  steroidal  hormone  levels.  Blood  was  drawn  via  the  caudal  vein  in  the  area 
of  the  spinal  column;  insertion  of  the  needle  was  just  posterior  to  the  anal  fin  and  slightly 
off  the  centerline.  Collected  samples  were  then  put  into  heparanized  vials  and  placed  on  ice 
for  subsequent  sample  preparation. 

To  explore  the  role  of  sex  and  reproductive  status  in  Gulf  sturgeon  migratory 
behavior,  we  collected  gonadal  biopsies  in  order  to  determine  the  sex  and  reproductive 
status  of  individual  fish  (Huff  1975,  Chapman  et  al.  1996).  In  addition  to  the  gonadal 
biopsies,  blood  samples  were  also  drawn  from  individual  fish.  We  plan  to  analyze  those 
samples  in  the  near  future  to  gain  insights  into  the  reproductive  condition  of  a  naturally 
occurring  population  of  Gulf  sturgeon.  Such  an  approach  would  be  less  invasive  than 
current  histological  methods.  We  plan  to  quantify  levels  of  the  sex  steroids  testosterone, 

1 1-ketotestosterone  and  17|J-estradiol  in  addition  to  the  egg  yolk  precursor  vitellogenin  in 

the  blood  plasma  of  Gulf  sturgeon.  This  type  of  blood  hormone  analysis  has  been  shown 
to  be  effective  in  the  characterization  of  the  gametogenic  cycle  of  other  sturgeons  and  teleost 
fishes  (Jackson  and  Sullivan  1995,  Van  Eenennaam  et  al.  1996,  Doroshov  et  al.  1997). 

Surgical  tools  used  during  all  procedures  were  maintained  in  a  sterile  condition  until 

time  of  use.  Field  sterility  was  achieved  via  the  use  of  a  disinfectant  bath  (Nolvasan  ®  2% 

solution).  Before  use,  all  instruments  were  washed  with  distilled  water  to  remove  the 
disinfectant.  Instruments  which  were  destined  for  reuse  were  placed  back  in  the 
disinfectant  solution  prior  to  the  next  procedure. 

A  40-mm  incision  was  made  using  a  surgical  scalpel  on  the  mid  ventral  line  about 
40-60  mm  anterior  to  the  insertion  of  the  pelvic  fin.  This  first  incision  penetrated  just 
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below  the  skin  and  subsequent  incisions  were  made  with  a  combination  of  scalpels  and 
blunt-tipped  surgical  scissors.  Excess  fluids  were  swabbed  out  of  the  incision  with  sterile 
swabs  and  gauze.  We  made  every  attempt  to  avoid  severing  blood  vessels  while  incising 
deeper  into  the  fish’s  musculature.  Upon  reaching  the  peritoneum,  a  retractor  was  placed 
into  the  surgical  area  to  spread  the  musculature  and  allow  for  a  clear  view  of  the  area.  Care 
was  taken  while  penetrating  the  peritoneum  so  as  to  minimize  the  risk  of  rupturing  the 
dorsally  located  swim  bladder.1 

Gondal  tissue  was  located  by  gently  moving  the  other  organs  to  one  side  with  the 
use  of  a  blunt  probe.  In  the  case  of  gravid  females,  it  was  unnecessary  to  search  for  the 
gonads  as  they  were  very  apparent  after  the  initial  incision.  After  finding  the  gonadal 
tissue,  its  external  appearance  was  noted  and  then  a  biopsy  (1  cm3  fragment)  was  drawn. 
Biopsies  were  taken  either  by  an  (8/0)  aspiration  needle  or  through  a  combination  of 
surgical  forceps  and  a  scalpel.  Each  sample  was  preserved  in  a  vial  of  buffered  10% 
formalin  for  histological  analysis. 

Since  radio  transmitters  require  external  antennas  due  to  signal  attenuation,  an 
additional  incision  was  necessary.  In  this  case,  a  large-gauge  (8/0)  sterilized  needle  was 
used  to  puncture  the  lateral  body  wall  both  lateral  and  posterior  to  the  primary  incision. 

The  needle  was  advanced  through  the  fish’s  musculature  at  an  oblique  angle  such  that  it 
pierced  the  peritoneum  just  posterior  to  the  original  incision.  Upon  entering  the  peritoneal 
cavity,  the  transmitter  antenna  was  threaded  through  the  internal  end  of  the  needle  and  then 
forced  down  the  needle  length  until  it  exited  the  fish.  The  sterilized  radio  transmitter  was 
then  placed  into  the  body  cavity  and  the  needle  removed.  These  microprocessor-controlled 
transmitters  (Advanced  Telemetry  Systems  model  5A)  operated  at  40  kilohertz  and  were 
programmed  with  two  duty  cycles  (12  hour  on/off  in  1996, 24  hour  in  1997)  so  that  all 
transmitters  were  guaranteed  to  last  throughout  the  1997  field  season.  During  1997, 
ultrasonic  transmitters  (Sonotronics  model  CHP-87-XL)  were  also  implanted  in  all  fish 

1  Kynard,  B.  and  Kieffer,  M.  C.  1994.  Techniques  for  internal  implantation  of  telemetry  tags  in  sturgeon. 
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fitted  with  radio  transmitters.  The  ultrasonic  tags  will  be  used  in  an  ongoing  research 
project  to  examine  Gulf  sturgeon  estuarine  and  marine  habitat  use. 

Beginning  in  1997,  both  radio  and  ultrasonic  transmitters  were  coated  with  Silastic'8 

(Dow  Coming  Products)  to  reduce  the  probability  of  tag  extrusion.  The  two-part  elastomer 
was  mixed  and  tags  were  then  coated  by  dipping.  Following  the  application  of  the 
elastomer,  transmitters  were  then  placed  into  a  diying  oven  at  30°C  until  they  were  diy  to 
the  touch.  Tags  were  then  put  into  a  sterilizing  bath  until  time  of  implantation. 

•  The  incision  was  closed  using  sterile  reabsorbtive  suture  material.  To  insure  proper 
closure,  a  single  interrupted  suturing  technique  was  applied.  Surgical  glue  was  placed  over 
the  incision  site  to  aid  in  wound  closure  and  to  help  secure  the  tag  in  place  until  the  wound 
began  to  heal.  Following  the  application  of  surgical  glue,  a  thin  layer  of  petroleum  jelly 

mixed  with  Betadine®  was  placed  over  the  incision  area  to  protect  against  infection.  We 

attempted  to  minimize  the  time  from  net  removal  to  completion  of  surgical  procedures  in 
order  to  decrease  stress  levels  on  the  fish. 

Upon  completion  of  tag  implantation  and  sample  collection,  fish  were  monitored  for 
signs  of  recovery  (i.e.,  ability  to  maintain  equilibrium  and  swimming,  actions)  from  the 
anesthesia.  When  recovery  appeared  to  be  complete,  fish  were  lifted  out  of  the  anesthetic 
bath  via  the  use  of  a  modified  stretcher  for  larger  individuals  or  by  hand  for  smaller 
individuals,  and  released  near  the  site  of  capture. 

A  few  externally-mounted  radio  transmitters  purchased  for  other  projects  became 
available  and  were  used  to  tag  additional  fish  during  this  study.  Those  transmitters  were 
programmed  with  a  nine-months-on/three-months-off  duty  cycle  and  had  a  guaranteed  tag 
life  exceeding  two  years.  External  transmitters  were  attached  at  the  base  of  the  dorsal  fin 
(Carr  et  al.  1996b)  using  a  sterilized  large  gauge  (8/0)  aspiration  biopsy  needle.  Teflon 
coated  attachment  wires  were  fitted  through  the  hole  and  affixed  in  place  with  a  backing 
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plate  and  crimps.  Gonadal  biopsies  were  collected  through  a  small  surgical  incision  for  all 
fish  fitted  with  external  transmitters. 

Telemetry 

During  1996,  tagged  fish  could  only  be  located  while  in  the  river  due  to  signal 
attenuation  caused  by  the  high  conductivity  water  in  Choctawhatchee  Bay.  Searches  within 
the  Choctawhatchee  River  began  in  1996  two  days  following  the  release  of  the  first  radio- 
tagged  fish.  All  navigable  portions  of  the  river  were  searched  at  least  once  each  week. 
During  1997,  fish  were  implanted  with  both  radio  and  ultrasonic  transmitters,  so  we  were 
able  to  monitor  their  movements  prior  to  river  entry.  Tracking  in  Choctawhatchee  Bay  was  . 
conducted  periodically  throughout  the  netting  period  and  continued  until  all  fish  were  found 
m  the  river.  Tracking  in  the  river  began  in  early  February  in  an  attempt  to  document  dates 
of  nver  entry  for  telemetered  fish.  More  emphasis  was  placed  on  searches  in  the  upper 
portion  of  the  river,  as  these  areas  were  thought  to  be  important  for  spawning. 

Nevertheless,  all  navigable  portions  of  the  river  were  searched  at  least  biweekly  until 
movement  patterns  indicated  a  probable  end  to  the  spawning  season  (i.e.,  ripe  fish  moving 
back  down  mto  the  lower  portions  of  the  river).  In  both  years,  following  the  end  of  the 
spawning  season,  we  attempted  to  locate  all  tagged  fish  once  biweekly  until  early  July. 

During  both  field  seasons,  two  crews  were  needed  in  order  to  conduct  adequate 
searches  once  fish  began  to  move  into  the  upper  Choctawhatchee.  While  one  crew  focused 
on  upper  river  areas,  the  other  crew  was  primarily  concerned  with  documenting  date  of 
nver  entry  and  movement  patterns  in  the  lower  river.  In  upper  river  areas,  fish  moved  into 
both  the  Choctawhatchee  and  Pea  rivers.  The  two  rivers  were  searched  on  alternate  days  in 
an  attempt  to  monitor  fine-scale  movement  patterns. 
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Habitat  Characterization 


Fish  positions  were  estimated  (within  10  m)  based  on  changes  in  signal  strength 
using  a  paper  clip,  which  served  as  a  weak  antenna.  At  each  fish  location,  we  recorded 
latitude  and  longitude  using  a  hand-held  GPS  unit,  and  the  position  of  the  fish  in  the  river 
(choice  of  banks,  estimated  distance  from  shore,  etc.).  Temperature,  dissolved  oxygen, 
conductivity,  and  salinity  were  measured  at  both  surface  and  bottom  using  a  YSI  multi¬ 
meter.  A  substrate  sample  was  obtained  using  a  Petite  PONAR®  sampler.  Samples  were 

classified  as  either  sand,  silt,  clay,  cobble,  rock  and  or  detritus.  Additional  qualitative 
information  on  substrate  hardness  was  determined  through  the  use  of  a  5  m  fiberglass  pole 
which  was  pressed  against  the  substrate.  This  method  was  much  quicker  than  the  PONAR 
unit  and  was  employed  when  searching  for  hard  bottom  areas  for  deploying  egg  samplers. 

We  also  recorded  water  temperatures  once  every  2.4  hours  using  a  temperature 
logger  at  rkm  1 17.  The  site  at  rkm  1 17  was  just  below  the  confluence  of  the 
Choctawhatchee  and  Pea  rivers.  In  1996,  the  temperature  logger  was  placed  in  the  field 
during  early  March,  shortly  after  fish  began  moving  into  the  rivers.  During  1997,  the 
temperature  logger  was  in  place  by  early  February,  prior  to  the  start  of  upriver  migration. 
During  both  years,  the  logger  operated  continuously  until  retrieval  at  the  end  of  the  field 
season  (mid- June  96,  mid-July  97). 

River  flow  rates  were  obtained  from  the  U.  S.  Geological  Survey  gaging  station 
(#02361000)  located  on  the  upper  Choctawhatchee  River.  This  gaging  station  was  located 
at  rkm  167  in  the  area  of  Newton,  Al.  Daily  flow  rates  calculated  by  the  gaging  station 
were  used  to  examine  the  interaction  between  flow  rates  and  movement  patterns. 

Egg  Collection 

Since  the  primary  objective  of  this  project  was  to  identify  Gulf  sturgeon  spawning 
sites,  egg  samplers  were  concentrated  in  areas  where  telemetry  evidence  suggested  that  fish 
might  be  spawning.  Previous  results  regarding  substrate  type  (rock-cobble  bottom)  and 
flow  patterns  (flow  >  lm/s)  at  spawning  locations  of  Gulf  sturgeon  and  other  sturgeon 
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species  were  also  taken  into  account  when  selecting  sites  for  deploying  egg  samplers 
(Buckley  and  Kynard  1985,  Marchant  and  Shutters  1996,  Bemis  et  al.  1997,  Wei  et  al. 
1997).  Samplers  were  also  positioned  in  areas  where  current  patterns  (i.e.,  eddies)  were 
thought  to  result  in  an  accumulation  of  eggs  (K.  Sulak,  Gainesville  National  Fisheries 
Research  Center,  personal  communication).  Egg  samplers  do  not  establish  the  exact 
location  of  spawning  since  little  or  no  information  is  available  on  the  spawning  behavior  or 
rate  of  egg  sinking  for  Gulf  sturgeon.  Nevertheless,  the  collection  of  eggs  does  establish 
(at  a  minimum)  that  spawning  was  taking  place  upstream  from  the  sampler  position. 

Egg  samplers  were  based  upon  the  design  of  Marchant  and  Shutters  (1996). 
Sampling  for  eggs  began  when  telemetry  evidence  suggested  that  mature  fish  were  moving 
into  areas  where  spawning  was  thought  to  occur  (i.e.,  upstream  hard  bottom  areas). 
Between  70  and  100  samplers  were  deployed  in  both  rivers  and  examined  every  24-72 
hours  for  the  presence  of  Gulf  sturgeon  eggs.  For  specific  sites,  the  number  of  sampling 
pads  deployed  ranged  between  about  15  and  50  depending  on  the  availability  of  samplers, 
desired  size  of  sampling  area  and  number  of  fish  in  immediate  area.  We  measured  depth, 
substrate  type,  surface  turbidity,  conductivity,  temperature  and  dissolved  oxygen  at  each 
location  where  a  Gulf  sturgeon  egg  was  collected.  When  time  permitted,  the  same 
parameters  were  measured  for  sites  where  eggs  were  not  collected.  Sampling  for  eggs 
continued  throughout  the  spawning  season  until  it  appeared  that  most  telemetered  fish  had 
left  potential  spawning  sites  and  moved  downriver  towards  areas  typically  occupied  during 
the  summer. 

Data  Analyses 

A  preliminary  assessment  of  reproductive  stage  was  made  during  the  surgical 
procedure.  Pinal  categorization  was  based  onliistological  examination  of  gonadal  biopsies. 
Gondal  tissue  was  stained  with  hematoxylin  and  eosin.  Each  sample  was  sectioned  (3fi), 
mounted  on  a  glass  slide,  and  then  examined  using  light  microscopy.  Following  Chapman 
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et  al.  (1996),  fish  were  classified  as  either  '‘immature",  “maturing”,  or  “ripe”.  These  terms 
are  used  when  describing  the  reproductive  stages  of  fish  for  the  remainder  of  this  paper. 

A  two-way  analysis  of  variance  (ANOVA)  was  used  to  examine  the  influence  of 
sex  and  reproductive  status  on  the  migratory  behavior  of  Gulf  sturgeon.  The  analyses 
utilized  year  as  a  blocking  effect  to  control  for  interannual  variability.  The  second  factor 
was  a  combination  of  sex  and  reproductive  status  (male-immature,  male-ripe,  female- 
immature,  female-maturing,  female-ripe).  When  significant  differences  were  found  in  the 
whole  model  tests,  contrast  statements  were  developed  to  determine  which  factor  levels 
were  responsible  for  the  difference.  Response  variables  used  in  these  analyses  were 
maximum  upstream  distance  migrated  and  date  of  river  entry.  Maximum  upstream  distance 
was  defined  as  the  maximum  distance  upstream  from  the  river  mouth  that  an  individual  fish 
was  relocated  during  the  course  of  sampling.  We  assumed  that  our  searches  enabled  us  to 
adequately  characterize  fish  movement  patterns.  Distances  upriver  were  determined  by 
using  geographic  information  systems  software  (ArcView  version  3.0a,  Environmental 
Systems  Research  Institute,  Inc.).  Date  of  river  entry  was  defined  as  the  date  an  individual 
fish  was  first  relocated  in  the  river.  We  attempted  to  correct  for  differences  in  the  timing 
between  river  searches  by  rounding  the  date  of  entry  to  weekly  intervals.  Date  of  river 
entry  was  assigned  as  the  last  day  of  each  weekly  interval.  All  analyses  were  conducted  at 
the  5%  level  of  significance.  Plotted  least-square  means  are  based  on  the  fitted  analysis  of 
variance  models  (SAS  Institute  1995). 

Previous  studies  of  Atlantic  sturgeon  have  shown  that  individuals  require  prolonged 
periods.between  spawningcvents.  .Females  were.found.to.need.hetween3--5  years 
separating  spawning  events  while  males  required  1-5  years  (Smith  1985).  Since  the  Gulf 
sturgeon  reproductive  cycle  is  not  well  documented  at  this  time,  we  excluded  from  our 
analyses  regarding  reproductive  condition  any  1997  relocations  offish  tagged  in  1996, 
since  the  reproductive  state  of  these  fish  would  not  be  known. 
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Results 


Collection  of  Specimens 

Netting  operations  began  February  21,  1996  at  the  mouth  of  the  Choctawhatchee 
River.  Following  conversations  with  former  sturgeon  fishermen,  operations  were  moved 
out  into  Choctawhatchee  Bay  where  the  probability  of  capturing  adult  Gulf  sturgeon  was 
deemed  more  likely.  Sampling  continued  in  Choctawhatchee  Bay  for  the  remainder  of 
1996  and  throughout  the  1997  field  season.  Gulf  sturgeon  were  generally  encountered 
along  mud  and  or  sand  flats  at  depths  of  2-6  m. 

During  1996,  sampling  in  the  Bay  commenced  on  February  23,  with  mature  Gulf 
sturgeon  collected  on  the  first  day  of  sampling.  A  total  of  17  Gulf  sturgeon  were  collected 
with  at  least  one  fish  caught  per  sampling  trip  (Table  1).  Of  these  17  Gulf  sturgeon,  15 
individuals  (6  males  and  9  females)  were  fitted  with  radio  transmitters  (Table  2).  One  fish 
was  released  into  Choctawhatchee  Bay  prior  to  surgical  examination  of  gonads  due  to 
rough  weather  conditions  that  made  surgical  procedures  impossible.  One  mortality 
occurred  during  1996  sampling.  Collection  of  Gulf  sturgeon  for  radio  telemetry  concluded 
on  April  3  after  the  last  radio  transmitter  was  assigned  to  a  fish.  None  of  the  fish  captured 
in  1996  had  been  previously  tagged. 

Sampling  for  the  1997  field  season  began  on  February  20;  however,  the  first  adult 
Gulf  sturgeon  was  collected  on  March  3.  A  total  of  35  Gulf  sturgeon  were  collected  in 
1997  (Table  3).  Unlike  the  previous  sampling  season,  there  were  several  trips  when  no 
Gulf  sturgeon  were  collected.  A  subsample  of  20  fish  (7  males  and  13  females)  chosen  on 
the  basis  of  size,  condition,  sex  and  reproductive  status  received  transmitters  (Table  4). 

Fish  not  receiving  transmitters  were  usually  marked  with  external  tags  and  an  internal  PIT 
tag  then  released. 
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Two  fish  died  as  a  result  of  capture  during  the  1997  field  season.  One  was  a 
telemetered  individual  from  the  1996  field  season  (Tables  1, 3).  This  fish  decreased  by  2.2 
cm  in  fork  length  and  0.5  kg  in  weight  at  the  time  of  capture.  Based  on  a  field  necropsy, 
the  digestive  track  contained  large  amounts  of  the  ghost  shrimp  (Thalassinidea)  and  the 
overall  condition  of  the  fish  appeared  good.  These  factors,  combined  with  the  fact  that  the 
fish  was  measured  and  weighed  on  land  the  second  time  are  evidence  that  the  apparent 
decreases  in  length  and  weight  were  likely  due  to  measurement  errors. 

Based  on  gonadal  biopsies  of  male  Gulf  sturgeon,  we  found  about  equal  numbers 
of  ripe  (n=6)  and  immature  (n=7)  fish.  No  males  were  collected  that  were  classified  as 
maturing.  One  male  captured  in  1996  and  recaptured  in  1997  was  in  ripe  condition  during 
both  sampling  periods.  Based  on  gonadal  biopsies  of  females,  14  were  between  spawning 
events  (maturing  state),  5  were  ripe,  and  3  were  classified  as  immature.  One  female 
classified  as  ripe  during  1996  was  classified  as  maturing  when  recaptured  during  1997. 
Telemetry 

In  1996,  the  primary  radio-tracking  period  (>  1  trip/week)  extended  from  February 
26  until  June  1 1.  During  this  period,  14  of  15  tagged  fish  were  relocated  in  the  river  on  at 
least  one  occasion.  A  total  of  193  relocations  of  telemetered  fish  were  made  during  this 
period,  with  a  mean  value  of  14  relocations  per  individual.  The  first  tagged  fish  moved 
into  the  river  on  March  1 1,  or  7  days  after  tag  implantation  and  release  (Table  2).  The  last 
fish  was  relocated  in  the  river  for  the  first  time  on  September  4,  or  188  days  after  release. 
The  location  of  this  fish  established  that  post-surgery  survival  was  100%  for  the  1996 
season. 

Throughout  the  1996  field  season,  we  also  searched  for  fish  that  had  been  tagged  in 
1995.  Of  five  individuals  fitted  with  external  radio  transmitters  during  the  1995  field 
season,  two  were  relocated  in  the  Choctawhatchee  River  during  1996  (Table  2).  One  of  the 
three  remaining  tags  was  also  relocated,  but  after  several  months  of  no  movement,  this  tag 
was  deemed  shed. 
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The  first  relocations  in  the  1997  field  season  were  on  March  26,  when  4  fish  were 
found  m  the  lower  river.  These  fish  had  been  at  large  from  4  to  13  days  after  tag 
implantation  and  release.  Subsequent  tracking  of  the  mainstem  river  (<rkm  120)  on  March 
31  and  April  7, 1997  determined  that  two  male  fish  from  1996  were  already  in  the  upstream 
habitat.  A  total  of  230  relocations  of  fish  that  were  radio-tagged  in  both  1996  and  1997 
were  made  during  the  1997  field  season  for  an  average  of  9  relocations  per  individual.  All 
fish  that  were  radio-tagged  in  1997  were  found  within  the  river.  The  location  of  the  last 

two  fish  on  June  26  established  that,  as  in  1996,  we  achieved  a  post-surgeiy  survival  rate 
of  100%. 

Of  17  fish  that  were  released  in  either  1995  or  1996, 1 1  were  accounted  for  during 
1997  netting  or  telemetry  searches.  Five  of  these  fish  were  equipped  with  external 
transmitters.  Four  of  the  five  fish  with  external  transmitters  either  shed  their  tags  or  were 
categorized  as  possible  mortalities  after  several  months  of  no  movement.  These  included 
the  two  fish  from  1995  that  returned  in  1996.  One  of  these  fish  (95-4,  Table  l)  eitherlost 
its  tag  or  died  in  early  June  1996  at  RKM  35.  The  transmitter  attached  to  the  other  fish  (95- 
5,  Table  1),  continued  to  move  in  the  river  until  early  September  1996.  It  is  of  interest,  that 
this  fish  moved  a  considerable  distance  (>70  RKM)  upstream  from  July  to  September, 

1996.  In  early  1997  this  tag  was  in  the  same  location  (RKM  1 13)  as  the  previous  year  and 
was  deemed  non-useable.  With  the  exception  of  the  fish  with  an  external  transmitter  that 
was  recaptured  during  gillnetting  operations  (Fish  96-5  /  97-10,  Tables  1  and  3),  no  fish 
with  attached  external  transmitters  were  relocated  during  1997.  It  should  also  be  noted 
that,  upon  recapture,  the  backing  plate  on  the  external  transmitter  had  cracked  and  the  tag 
was  not  well  attached.  The  external  transmitter  was  removed  and  replaced  with  internal 
radio  and  ultrasonic  transmitters. 

A  total  of  six  fish  equipped  with  internal  transmitters  during  the  1996  season  were 
relocated  during  1997.  One  fish  (96-1  /97-1,  Tables  1  and  3)  tagged  in  1996  died  in  our 
gill  nets  on  March  3;  the  remaining  5  fish  were  tracked  during  the  1997  season  (Table  5). 
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One  of  these  five  (96-7)  was  relocated  occasionally  at  a  site  adjacent  to  the  river  mouth 
(rkm  0).  This  area  was  under  tidal  influence  and  conductivity  levels  often  impaired 
transmitter  reception.  Since  the  location  of  this  transmitter  never  changed,  it  was  deemed 
an  expelled  tag  or  a  possible  mortality.  Since  this  fish  was  found  at  RKM  30  during  mid- 
August,  1996  and  then  in  the  area  of  the  river  mouth  (RKM  0)  during  September,  1996,  it 
seems  likely  the  fish  either  died  or  expelled  the  tag  on  its  return  to  the  Bay.  The  four 
remaining  fish  were  relocated  in  regular  searches  during  the  1997  field  season. 

Migration  Timing  and  Movement  Patterns 

Examination  of  telemetry  results  showed  distinct  patterns  of  riverine  movement  for 
Gulf  sturgeon.  The  patterns  did  not  vary  significantly  between  years  for  date  of  river  entry 
or  maximum  upstream  distance  (Tables  6  and  7).  Significant  differences  between  sexes 
were  found  for  both  the  date  of  river  entiy  and  maximum  upstream  distance.  In  general, 
males  entered  the  river  earlier  and  were  found  to  occupy  habitats  further  upstream  than 
females  (Figures  2-4).  Within  each  sex,  there  were  also  significant  differences  due  to 
reproductive  status  in  both  the  timing  of  river  entrance  and  maximum  upstream  distance. 

For  female  Gulf  sturgeon,  immature  and  maturing  individuals  entered  the  river 
significandy  later  than  did  ripe  females.  Ripe  females  entered  the  river  during  late  March 
through  mid- April  while  nonripe  females  entered  the  river  over  a  much  more  protracted 
period  of  time  (March-September)  (Figures  2,3).  It  also  appears  that  prior  reproductive 
experience  may  play  some  role  in  the  timing  of  river  entry  for  Gulf  sturgeon,  as  immature 
females  entered  the  river  significantly  later  than  did  maturing  females  (fish  that  have 
previously  spawned  but  are  between  spawning  events).  There  was  no  significant 
difference  found  between  maturing  and  ripe  females  with  respect  to  date  of  river  entry. 

Ripe  female  Gulf  sturgeon  moved  significantly  further  upstream  than  did  immature 
and  maturing  females  (Figures  2-4).  Unlike  date  of  river  entiy,  it  appears  that  prior 
experience  plays  little  role  in  the  habitat  utilized  by  non-ripe  females  (immature  and 
maturing  fish)  during  the  spring  migration.  Immature  and  maturing  females  were  found 
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not  to  be  significantly  different  in  terms  of  their  maximum  upstream  relocation.  Most  ripe 
females  were  documented  above  the  confluence  of  the  Choctawhatchee  and  Pea  rivers, 
whereas  non-ripe  individuals  primarily  utilized  the  lower  portions  of  the  river  (Figure  5). 
This  spatial  separation  was  maintained  during  the  late  spring  and  early  summer  and  was 
followed  by  a  downstream  movement  of  ripe  individuals  into  areas  that  were  occupied  by 
immature  and  maturing  fish  (Figure  6).  This  pattern  was  very  apparent  in  1996  as  all  ripe 
individuals  had  moved  downstream  by  mid- June.  In  1997,  this  pattern  was  documented 
for  the  one  ripe  female  tagged,  but  was  somewhat  confounded  by  later  upstream  movement 
of  two  maturing  females  (Figure  7). 

The  same  patterns  of  migratory  behavior  were  also  observed  for  male  Gulf 
sturgeon.  Ripe  males  entered  the  river  from  early  March  through  mid  April;  immature 
males  entered  significantly  later  (Figures  2,3).  Additionally,  ripe  males  moved 
significantly  further  upstream  than  did  immature  males  (Fig  2,4).  All  ripe  males  were 
relocated  above  or  within  a  few  kilometers  from  the  confluence  of  the  Pea  and 
Choctawhatchee  Rivers  (rkm  1 17)  while  most  (5  out  of  7)  immature  males  remained  in  the 
lower  river  (Figures  6-8).  Movement  upriver  by  immature  males  was  observed  for  two 
fish  who  moved  to  upriver  areas  where  spawning  had  occurred.  This  upstream  movement 
occurred  after  the  end  of  the  egg  collection  period  and  the  probable  end  of  the  spawning 
season. 

Ripe  males  tended  to  arrive  earlier  and  remain  for  longer  periods  of  time  at  upstream 
sites  compared  to  females  (Figures  6,7).  Following  departure  of  ripe  females  from  the 
upper  river  areas,  ripe  males  began  moving  downstream  to  lower  river  areas  occupied  by 
non-ripe  and  post-spawned  individuals  of  both  sexes.  One  ripe  male  was  alternately 
located  in  the  lower  river  and  Choctawhatchee  Bay  during  a  two-week  period  in  May  and 
June  1997. 

No  clear  relationship  was  found  between  timing  of  river  entrance  and  flow  patterns. 
Flow  regimes  varied  considerably  between  1996  and  1997  (Figure  6,7).  During  1996, 
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flows  were  characterized  by  several  pulses  of  high  water  from  the  middle  of  Februaiy 
though  late  April  which  then  tapered  off  with  the  approach  of  summer.  Flows  in  1997 
were  high  in  late  February  and  early  March  then  generally  low  during  early  summer  except 
for  brief  intervals  of  high  flow. 

Temperature  patterns  in  the  river  also  differed  between  years.  In  general,  1996  was 
characterized  by  cooler  temperatures  early  in  the  year  and  a  much  more  rapid  wanning  trend 
with  the  arrival  of  summer  when  compared  to  1997  (Figure  6,7).  Temperature  at  time  of 
river  entry  for  individual  fish  ranged  from  1 1.2  to  24.9  °C  with  a  mean  of  19.3°C  for  the 
1996  field  season.  Water  temperatures  warmed  earlier  in  1997  then  gradually  increased  as 
the  year  progressed.  Accordingly,  temperature  at  time  of  river  entry  was  wanner  (mean- 
21.2  °C;  range  18.3  -27.1°C )  for  1997. 

Ess  Collection 

During  1996,  we  chose  not  to  deploy  egg  samplers  when  fish  first  arrived  in  areas 
thought  to  be  suitable  spawning  habitat  (i.e.,  hard  bottom  areas).  Our  intention  was  to  wait 
until  more  than  one  telemetered  fish  congregated  in  a  specific  area.  However,  as  the  season 
progressed,  telemetered  fish  moved  over  considerable  distances  within  the  upper  river, 
with  no  obvious  affinity  for  specific  sites  and  no  congregations  occurred.  We  began 
deploying  egg  samplers  near  individual  fish  since  other  unmarked  Gulf  sturgeon  could 
have  been  in  the  same  area.  Egg  samplers  were  deployed  between  April  25  and  May  16, 
1996  on  nine  occasions.  The  number  of  samplers  deployed  at  a  given  location  varied 
between  about  20  and  50,  depending  the  location  of  the  fish  and  the  number  of  pads 
available.  No  eggs  were  collected  on  any  egg  samplers  during  the  1996  field  season. 

In  1997,  we  deployed  egg  samplers  in  selected  upstream  locations  prior  to  the 
arrival  of  telemetered  fish.  Initially,  we  chose  sampling  locations  based  on  telemetry 
results  from  1996.  As  the  season  progressed  and  telemetered  fish  moved  into  the  area,  we 
also  deployed  samplers  in  areas  where  we  either  relocated  telemetered  fish  or  observed 
Gulf  sturgeon  rolling  on  the  surface.  Unlike  the  previous  year,  several  telemetered  Gulf 
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sturgeon  remained  in  discrete  areas  for  several  days  at  a  time  in  the  upper  portion  of  the 
river.  Each  of  these  areas  was  characterized  by  a  steep  limestone  bank  and  hard  bottom 
substrate.  We  sampled  intensively  in  these  areas  where  Gulf  sturgeon  appeared  to  be 
settling  out  .  Egg  samplers  were  deployed  continuously  from  April  4  through  May  13. 
Except  for  a  few  periods  of  very  high  flow  events  (when  samplers  were  submerged)  in  late 
April  and  early  May,  samplers  were  checked  at  2-3  day  intervals.  A  total  of  42  fertilized 
Gulf  sturgeon  eggs  were  collected  during  1997  at  six  locations  in  both  the  Choctawhatchee 
and  Pea  rivers  (Table  8,  Figure  9).  All  egg  collection  sites  were  located  within  the  state  of 

Alabama  above  rkm  1 10.  The  eggs  were  collected  on  six  different  dates  between  April  18 
and  May  1. 

Microscopic  examination  of  the  eggs  showed  that  the  eggs  varied  in  the  amount  of 
development.  Developmental  stages  ranged  between  the  morula  and  advanced  gastrulation 
stage  (Conte  et  al.  1988).  Based  upon  temperatures  at  time  of  egg  collection  and 
information  on  hatching  times  for  hatchery-reared  Gulf  sturgeon  (Parauka  et  al.  1991),  we 
estimate  that  all  eggs  were  no  more  than  48  h  old  at  the  time  of  collection. 

Gulf  sturgeon  eggs  were  collected  primarily  in  hard  bottom  areas  that  were 
comprised  of  limestone  and  gravel.  Depths  ranged  from  1.4  to  7.9  mat  collection  sites. 
Surface  and  bottom  temperatures  were  essentially  equivalent,  with  both  ranging  from  18.4 
to  22.0  °C  on  dates  when  eggs  were  collected.  Conductivity  values  ranged  from  32-70 
limhos  with  a  mean  value  of  46  pmhos.  Turbidity  values  fluctuated  greatly  in  response  to 
the  timing  of  rainfall.  Values  ranged  from  12.3-1 14  NTU,  with  a  mean  value  of  52.5 
NTU. 


Discussion 

The  collection  of  fertilized  Gulf  sturgeon  eggs  combined  with  telemetry  results 
provide  strong  evidence  that  upper  river  areas  are  important  for  successful  reproduction  of 
Gulf  sturgeon  within  the  Choctawhatchee  River  Basin.  Fertilized  eggs  were  collected  on 
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hard  bottom  areas  in  the  upper  river  which  were  frequented  by  telemetered  ripe  Gulf 
sturgeon  during  the  spawning  season.  We  also  established  that  Gulf  sturgeon  migratory 
patterns  varied  with  respect  to  sex  and  reproductive  status.  This  spatial  and  temporal 
separation  of  reproductive  areas  and  adult-juvenile  habitat  has  been  observed  for  many 
other  fish  species  (Wooten  1992). 

Ripe  individuals  of  both  sexes  entered  the  river  earlier  and  moved  significantly 
further  upstream  when  compared  to  non-ripe  fish.  This  strategy  may  allow  for  increased 
larval-juvenile  survival  (Carr  et  al.  1996).  In  addition,  spawning  in  upstream  areas  may 
prevent  the  newly  hatched  larvae  from  coming  into  contact  with  saline  water  before  they  are  . 
ready  to  undergo  the  necessary  osmotic  changes  required  for  this  transition  to  the  marine 
environment  (Van  Eenennaam  et  al.  1996,  Altinok  1997). 

We  found  that  male  Gulf  sturgeon  entered  the  river  prior  to  females  and  remained  at 
spawning  sites  for  longer  periods  of  time.  Dovel  and  Berggren  documented  the  same 
behavior  in  Atlantic  sturgeon  (1985)  and  Carr  et  al.  (1996)  provided  evidence  of  a  similar 
pattern  for  Gulf  sturgeon.  Our  field  observations  also  suggested  that  male  Gulf  sturgeon 
exhibited  more  movement  during  the  spawning  season  than  did  females.  In  general,  maW 
appeared  to  be  moving  throughout  the  upper  river,  possible  searching  for  females  or 
suitable  spawning  sites.  This  pattern  of  movement  was  observed  less  frequently  in 
females.  Males  were  also  recorded  many  kilometers  further  upstream  than  females  during 
both  years. 

Gulf  sturgeon  began  migrating  into  the  Choctawhatchee  River  in  late  March  and 
continued  through  the  spring  and  into  the  summer  months.  The  initiation  of  migration  into 
the  Choctawhatchee  River  appears  to  be  delayed  in  comparison  to  the  Suwannee  River,  FL, 
where  migration  was  initiated  in  mid-February  and  concluded  in  early  May  (Carr  et  al. 

1996,  Foster  and  Clugston  1997).  This  difference  in  the  start  of  migration  is  likely  due  to 
river-specific  temperature  differences,  as  the  Suwannee  River  typically  warms  earlier  than 
the  Choctawhatchee  (Frank  Parauka,  USFWS,  personal  communication).  However,  this 
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cannot  fully  explain  the  more  protracted  timing  of  river  entrance  that  we  documented  for 
immature  and  maturing  individuals. 

A  possible  explanation  for  this  difference  in  the  timing  of  migration  may  be  the 
location  of  capture  sites.  In  previous  studies  on  the  Suwannee  River,  Gulf  sturgeon  have 
been  collected  at  the  river  mouth  (Huff  1975,  Carr  et  al.  1996,  Foster  and  Clugston  1997), 
whereas  we  collected  Gulf  sturgeon  in  the  estuary  prior  to  river  entrance.  The  delayed  start 
of  migration  that  we  observed  for  immature  and  maturing  individuals  is  noteworthy  when 
coupled  with  our  observations  that  Gulf  sturgeon  appeared  to  be  actively  feeding  within 
Choctawhatchee  Bay.  We  hypothesize  that  mature  non-spawning  Gulf  sturgeon  may  be 
utilizing  estuarine  habitat  to  a  greater  degree  than  previously  thought.  Since  foraging 
ceases  while  adult  fish  are  in  the  river  (Clugston  et  al.  1993),  extended  periods  of  estuarine 

and  marine  residency  may  be  important  in  rebuilding  of  gametes  during  non-spawning 
years. 

Gulf  sturgeon  appeared  to  be  foraging  before  initiating  their  upstream  migrations. 
Several  fish  either  regurgitated  or  passed  fecal  material  containing  large  numbers  of 
decapod  crustaceans  including  blue  crabs  ( Callinectes  sapidus)  and  ghost  shrimp 
(Lepedophthalmus  louisianensis).  Necropsy  results  for  the  fish  that  died  during  capture  in 
1996  indicated  that  the  fish  had  been  feeding  exclusively  on  both  ghost  and  commensal 
shrimps  (Leptalpheus  forceps)  (Richard  Heard,  Gulf  Coast  Research  Laboratory, 
personnel  communication).  All  of  these  prey  items  are  found  within  Choctawhatchee  Bay. 

Our  results  and  those  of  Foster  and  Clugson  (1997)  support  the  hypothesis  that 
Gulf  sturgeon  have  adapted  to  erratic  winter-spring  flows  and  begin  their  migration  when 
water  temperatures  approach  some  thermal  minimum.  The  average  water  temperatures 
when  ripe  fish  began  migrating  into  the  Choctawhatchee  River  were  similar  to  those  found 
for  the  Suwannee  River  (Foster  93,  Chapman  and  Carr  1995).  Similar  to  Foster  and 
Clugston  (1997),  we  did  not  detect  evidence  for  a  relationship  between  flows  and  the 
timing  of  river  entrance.  In  contrast.  Chapman  and  Carr  (1995)  found  a  strong  positive 
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correlation  between  high  discharge  levels  and  the  initiation  of  migration  for  Gulf  sturgeon 
in  the  Suwannee  River,  FL. 

Our  results  also  suggest  that  the  initiation  of  migration  is  more  thermally  regulated 
for  fish  that  are  reproductively  mature  (“ripe”)  since  they  enter  the  river  during  a  narrower 
window  of  time  when  compared  to  immature-maturing  (“non-ripe”)  individuals.  These 
findings  suggest  that  reproductively  mature  individuals  are  entering  the  river  to  time  their 
arrival  at  the  spawning  grounds  when  river  conditions  will  optimize  the  survival  of  eggs 
and  larval  sturgeon  (15°-20°C,  Chapman  and  Cair  1995).  With  the  exception  of  one  egg, 
all  fertilized  Gulf  sturgeon  eggs  collected  in  this  study  were  found  at  temperatures  <  20°C. 

Only  6  of  12  Gulf  sturgeon  receiving  internal  transmitters  in  1996  were  located  in 
the  Choctawhatchee  River  during  1997.  This  low  return  rate  is  somewhat  problematic, 
given  that  Gulf  sturgeon,  unlike  their  Atlantic  counterparts,  are  thought  to  return  to  rivers 
each  year  regardless  of  reproductive  condition  (Carr  et  al.  1996).  The  low  return  rate  may 
be  due  to  several  possibilities  including:  straying  to  other  river  systems,  remaining  in  the 
Gulf  of  Mexico  or  estuary,  transmitter  failure,  or  expulsion  of  the  transmitter.  Transmitter 
failure  cannot  be  ruled  out  entirely  but  it  seems  unlikely  that  such  a  large  number  of  tags 
would  fail.  Straying  to  neighboring  river  systems  also  seems  unlikely  since  recent  genetic 
evidence  has  shown  that  Gulf  sturgeon  show  high  fidelity  to  their  natal  rivers  (Stabile  et  al. 
1996).  We  suspect  that  the  most  likely  possibility  is  for  fish  to  remain  in  marine  or 
estuarine  waters  for  a  year  or  more.  The  late  summertime  return  of  immature  and  maturing 
individuals  provides  evidence  that  a  prolonged  period  of  freshwater  residency  may  not  be 
required  for  all  Gulf  sturgeon.  During  our  1996  field  season,  one  fish  presumably 
remained  in  the  estuary  until  early  September  after  which  it  was  relocated  once  in  the  lower 
river.  During  1997,  three  fish  were  relocated  in  the  bay  (using  sonic  tags)  until  late  June 
before  migrating  upriver.  One  Gulf  sturgeon  moved  between  the  lower  river  and 
Choctawhatchee  Bay  on  two  occasions  in  late  May  and  early  June  1997.  These  movements 
between  fresh  and  salt  water  habitats  could  not  be  detected  in  our  previous  telemetry  studies 
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because  only  radio  transmitters  had  been  used.  Ongoing  studies  to  examine  estuarine  and 
marine  distribution  patterns  should  provide  more  insight  into  these  patterns. 

Information  on  Gulf  sturgeon  migratory  behavior  is  necessaiy  for  the  successful 
management  of  this  species.  For  example,  population  estimates  based  on  sampling  riverine 
habitats  will  be  biased  if  not  all  fish  return  to  the  river  each  year.  Information  about 

migration  and  the  timing  of  reproductive  cycles  is  needed  in  order  to  understand  the  impact 
of  fishing  on  these  populations. 

Spawning  periodicity  in  Gulf  sturgeon  is  not  known  at  present  and  much  is  inferred 
from  work  done  on  other  sturgeon  species.  The  finding  of  maturing  males  by  Huff  (1975) 
provided  evidence  that  spawning  was  not  annual  for  male  Gulf  sturgeon.  However,  our 
results  suggest  that  male  Gulf  sturgeon  are  capable  of  spawning  in  consecutive  years.  We 
found  no  maturing  males  among  the  13  males  we  surgically  examined.  The  one  male 
examined  surgically  in  1996  and  1997  was  ripe  in  both  years.  We  also  obtained  telemetiy 
results  for  the  two  males  who  were  ripe  in  1996  and  returned  to  the  river  in  1997.  Both 
exhibited  movement  patterns  in  1997  typical  of  ripe  fish. 

Our  evidence  regarding  spawning  periodicity  in  females  shows  that  spawning  is 
probably  not  annual.  Histological  results  from  the  female  recaptured  in  1997  showed  that 
this  female  was  not  ripe  in  consecutive  years.  This  finding  is  also  supported  by  telemetiy 
evidence  for  other  female  Gulf  sturgeon.  In  addition  to  the  one  recaptured  female,  two 
females  which  were  fitted  with  transmitters  during  the  1996  field  season  returned  in  1997. 
One  was  determined  to  be  ripe  in  1996  but,  during  1997,  exhibited  movement  patterns  that 
were  characteristic  of  a  non-ripe  individual  (i.e.,  delayed  river  entry  and  reduced  upstream 
movement).  The  second  returning  female  was  classified  as  immature  in  1996,  but 
exhibited  movement  patterns  in  1997  more  characteristic  of  a  ripe  female  (i.e.,  early  river 
entrance,  migration  further  upriver,  followed  by  a  period  of  downstream  movement  to 
lower  river  locations).  Our  histological  results  also  support  a  greater  than  annual  interval 
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between  spawning  events.  Three  of  9  females  in  1996  and  10  of  13  in  1997  were 
classified  as  maturing.  These  results  are  in  agreement  with  those  obtained  by  Huff  (1975). 

The  upper  river  areas  where  ripe  Gulf  sturgeon  were  relocated  and  fertilized  eggs 
were  collected  are  characterized  by  steep  bluffs  and  an  increased  prevalence  of  limestone 
substrate,  when  compared  to  the  lower  river  sites,  which  contain  predominantly  sand.  This 
change  in  substrate  type  occurs  rapidly  at  around  rkm  100.  Information  on  Gulf  sturgeon 
spawning  in  the  Suwannee  River  also  indicates  that  these  areas  of  hard  bottom  are 
important  for  the  successful  Gulf  sturgeon  reproduction  (Marchant  and  Sutters  1996;  K. 
Sulak,  Gainesville  National  Fisheries  Research  Center,  personal  communication).  One 
possible  explanation  for  spawning  in  hard  bottom  areas  is  due  to  the  adhesive  nature  of 
Gulf  sturgeon  eggs.  If  these  adhesive  eggs  were  spawned  in  areas  of  soft  bottom  substrate 
(mud-sand),  the  eggs  could  quickly  become  encapsulated  with  a  layer  of  material,  possibly 
lowering  the  oxygen  levels  to  the  developing  egg  and  resulting  in  suffocation. 

We  obtained  fertilized  Gulf  sturgeon  eggs  on  six  dates  between  April  18  and  May 
1*  1997,  although  sampling  was  conducted  both  earlier  and  later  in  the  season.  Spawning 
in  the  Suwannee  River  occurs  somewhat  earlier  (late  March  through  early  May)  and  seems 
to  coincide  with  the  timing  of  the  lunar  cycle.  Gulf  sturgeon  eggs  were  collected  in  the 
Suwannee  River  shortly  after  the  March  and  April  new  moons  when  water  temperatures 
were  below  20°C  (K.  Sulak,  Gainesville  National  Fisheries  Research  Center,  personal 
communication).  We  found  little  evidence  for  the  coupling  of  spawning  with  lunar  cycles 
within  the  Choctawhatchee  River  system.  Eggs  were  first  collected  1 1  days  after  the  April 
new  moon  and  collection  continued  on  a  semi-regular  basis  until  just  prior  to  the  May  new 
moon  (May  6).  These  collections  were  made  at  different  sites  since  we  were  more 
interested  in  identifying  additional  spawning  locations  than  in  quantifying  the  period  of 
spawning  at  any  one  site.  We  sampled  new  locations  based  on  past  experience  and 
relocations  of  telemetered  fish  whenever  we  thought  our  chances  of  egg  collection  were 
increased. 
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In  summary,  successful  reproduction  is  critical  if  Gulf  sturgeon  are  to  recover  to 
harvestable  levels.  Our  results  established  that  hard  bottom  areas  in  the  upper  river  are 
critical  for  spawning.  While  it  is  likely  that  Gulf  sturgeon  spawn  in  other  locations  in  the 
upper  river,  our  telemetry  results  indicate  that  little  or  no  spawning  occurs  in  the  lower 
portions  of  the  river.  In  addition,  as  population  levels  rebuild,  the  need  for  suitable 
spawning  habitat  will  also  increase.  For  this  reason,  we  must  take  care  to  preserve  this 
habitat  to  insure  the  recovery  of  this  species. 
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Conclusions 


1.  Fertilized  Gulf  sturgeon  eggs  were  collected  at  six  distinct  locations  in  both  the 
Choctawhatchee  and  Pea  rivers.  Collection  sites  were  characterized  by  hard  bottom 
substrate,  steep  banks  and  increased  flows.  All  sampling  sites  were  located  within  the 
State  of  Alabama  above  rkm  1 10. 

2.  Ripe  Gulf  sturgeon  occupied  these  spawning  sites  from  late  March  through  mid  May, 
which  corresponds  to  the  timing  of  egg  collections. 

3.  We  found  significant  differences  between  sexes  in  the  timing  of  river  entrance  and 
maximum  upper  river  relocation  for  Gulf  sturgeon.  In  general,  male  Gulf  sturgeon  entered 
the  river  earlier,  moved  greater  distances  upstream  and  remained  at  spawning  sites  longer 
than  did  females. 

4.  Two  patterns  of  movement  were  observed  for  female  Gulf  sturgeon.  Ripe  females 
entered  the  river  significantly  earlier  than  did  immature  females,  although  no  significant 
difference  was  found  between  ripe  and  maturing  fish.  Ripe  females  also  moved 
significantly  further  upstream  when  compared  to  immature  and  maturing  females.  Female 
Gulf  sturgeon  that  migrated  into  the  upper  Choctawhatchee  and  Pea  rivers  to  spawn  moved 
downstream  to  lower  river  habitat  at  the  end  of  the  spawning  season. 

5.  Clear  differences  were  also  present  in  movement  patterns  and  timing  of  freshwater 
entrance  for  male  Gulf  sturgeon.  Ripe  males  entered  the  river  earlier  and  moved 
significantly  further  upstream  than  did  immature  males. 
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6.  Results  from  gillnetting  and  telemetry  support  that  male  Gulf  sturgeon  may  spawn 
annually  while  females  require  more  than  one  year  between  spawning  events. 


7.  Upper  nver  hard  bottom  areas  appear  to  be  necessary  for  successful  reproduction  of 
Gulf  sturgeon.  Care  should  be  taken  to  minimize  habitat  degradation  or  loss  of  these  areas. 
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Abstract 


We  studied  the  summer  movements  and  habitat  use  of  Gulf  sturgeon 
Acipenser  oxyrinchus  desotoi.  a  threatened  sub-species,  during  1994  and  1995  by 
radio  telemetry  in  a  148-km  section  of  the  Choctawhatchee  River,  Florida.  A  total  of  30 
Gulf  sturgeon  were  affixed  with  radio  tags  following  capture  in  Choctawhatchee  Bay 
and  in  the  mouth  of  the  Choctawhatchee  River  during  upriver  migration  in  1994  and 
1995.  We  found  that  Gulf  sturgeon  tended  to  remain  in  five  discrete  areas  in  the 
lower-to-middle  river,  each  about  2-3  km  in  length.  Depth  and  flow  did  not  appear  to 
be  critical  habitat  attributes,  at  least  within  observed  ranges,  as  Gulf  sturgeon 
remained  in  the  same  areas  over  a  wide  range  of  river  depth  (gage  height)  and  flow 
levels.  Gulf  sturgeon  distribution  in  the  river  appeared  to  be  influenced  by  the 
presence  of  spring  outlets  and  limestone  outcroppings.  We  recommend  further  study 
of  these  discrete  areas  in  order  to  determine  the  role  that  these  habitats  play  in 
supporting  Gulf  sturgeon  populations. 


Introduction 

The  Gulf  sturgeon,  Acipenser  oxyrinchus  desotoi.  is  a  sub-species  of  the 
Atlantic  sturgeon,  Acipenser  oxyrinchus  oxvrinchus  (Vladykov  1955;  Wooley  1985).  It  is 
found  on  the  eastern  Gulf  of  Mexico,  from  the  lower  Mississippi  River  eastward  to  the 
west  coast  of  peninsular  Florida,  as  far  south  as  Tampa  Bay  (Wooley  and  Crateau 
1982;  Gilbert  1992).  The  Gulf  sturgeon  is  an  anadromous  fish  utilizing  coastal 
freshwater  rivers  from  early  Spring  through  late  Fall,  and  residing  in  the  Gulf  of  Mexico 
the  remainder  of  the  year  (Huff  1975). 

At  the  turn  of  the  century,  annual  commercial  Gulf  sturgeon  catches  in  western 
Florida  were  almost  160,000  kg  (U.S.  Commission  of  Fish  and  Fisheries  1902).  The 
fishery  in  the  Apalachicola  River  declined  from  an  average  of  9,000  to  27,000  kg/year 
before  1917  to  no  substantial  commercial  fishing  in  1976  (National  Marine  Fisheries 
Service  1977).  In  1984,  the  State  of  Florida  prohibited  all  Gulf  sturgeon  fishing  due  to 
serious  declines  in  abundance  (Rule  No.  46-15.01,  Florida  Marine  Fisheries 
Commission).  In  1991,  the  Gulf  sturgeon  was  listed  as  threatened  in  accordance 
with  the  Endangered  Species  Act  (50  FR  Vol,  56  49653-49658). 

Despite  the  restrictions  on  harvest,  in  most  rivers  Gulf  sturgeon  populations 
have  not  rebounded,  perhaps  due  to  reduction  of  spawning  habitat  caused  by  dam 
construction,  dredging,  and  pollution  in  the  rivers  (Livingston  1975;  US  Army  Corps  of 
Engineers  1978).  Exploitation  may  still  be  a  factor  while  Gulf  sturgeon  are  in  the  Gulf 
of  Mexico  due  to  shrimp-trawl  by-catch  (Wooley  and  Crateau  1985).  Also,  Gulf 
sturgeon  are  long-lived,  maturing  late  at  about  7-12  years  of  age,  and  are  thought  to 
reproduce  only  every  three  to  five  years,  all  of  which  decreases  their  recovery  ability 
(Huff  1975). 

In  Florida,  populations  of  Gulf  sturgeon  are  still  found  in  the  Escambia,  Yellow, 
Choctawhatchee,  Apalachicola,  Ochlocknee,  and  Suwannee  rivers  (Reynolds  1993). 
However,  the  Suwannee  River  is  thought  to  have  the  only  large  (N  >  1000)  and 
relatively  stable  population  of  Gulf  sturgeon  (Clugston  et  al.  1995). 
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Because  the  Gulf  sturgeon  is  a  listed  species,  the  U.S.  Fish  and  Wildlife 
Service  (USFWS)  has  created  and  will  be  implementing  a  Recovery  Plan  that 
delineates  reasonable  actions  required  to  recover  or  maintain  Gulf  sturgeon 
populations  (USFWS  and  Gulf  States  Marine  Fisheries  Commission  1992).  Among 
the  recommended  actions  are  investigations  to  locate  and  characterize  critical 
habitats.  For  example,  little  is  known  about  movement  patterns  and  habitat 
requirements  of  Gulf  sturgeon  during  summer  (Van  den  Avyle  1984).  This  may  be  a 
critical  period  for  Gulf  sturgeon  because  of  high  summer  water  temperatures  and  the 
fact  that  Gulf  sturgeon  reportedly  do  not  feed  during  summer  and  may  lose  a 
substantial  percentage  of  their  body  weight  (Mason  and  Clugston  1993).  For  that 
reason,  the  objective  of  this  study  was  to  characterize  summer  preferred  habitat  and 
movements  within  the  Choctawhatchee  River,  which  is  one  of  the  few  remaining 
Florida  rivers  that  is  relatively  undisturbed.  To  accomplish  this  objective,  we 
intercepted  Gulf  sturgeon  at  the  mouth  of  the  river  during  their  upriver  spring 

migration.  Telemetry  techniques  were  used  to  observe  movement  patterns  and  to 
determine  habitat  preference. 

Study  Area 

The  Choctawhatchee  River  is  the  third  largest  river  in  Florida  in  terms  of 
discharge  (Bass  and  Cox  1988,  Livingston  et  al.  1991).  The  river  system  is 
approximately  280  km  long,  201  km  of  which  lie  in  Florida.  The  Choctawhatchee  River 
is  not  impounded,  and  has  several  large  tributaries  such  as  the  Pea  River  in  Alabama 
and  Holmes  Creek  in  Florida  (Figure  1).  The  Choctawhatchee  River  primarily  drains 
swamps,  forested  lands,  and  agricultural  lands,  with  the  latter  causing  the  river  to 
carry  a  heavy  load  of  suspended  solids.  The  river  empties  into  Choctawhatchee  Bay, 
where  a  delta  approximately  5  km  wide  has  formed.  The  USFWS  Panama  City  Field 
Office  verified  the  presence  of  Gulf  sturgeon  in  the  Choctawhatchee  River  through  gill 
net  surveys  conducted  during  the  1960’s  and  in  1988  and  1991. 
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Methods 

1994  and  1995  Capture 

Sampling  in  1994  occurred  on  14  occasions  from  March  21  to  April  29.  Gulf 
sturgeon  were  captured  using  fixed  mono-  and  multi-filament  gill  nets  from  3.1  m  to  3.7 
m  deep  and  45.7  m  to  91 .4  m  in  length.  Mesh  sizes  ranged  from  5.1  cm  to  30.5  cm, 
with  6  to  8  nets  used  per  occasion.  Nets  were  set  in  the  different  tributaries  of  the  delta 
at  the  mouth  of  the  river  and  in  Choctawhatchee  Bay,  about  100  meters  from  the 
mouth.  We  set  nets  at  locations  where  commercial  fisherman  had  historically  caught 
Gulf  sturgeon,  or  in  channels  thought  to  be  migration  routes.  Set  times  ranged  from 
1 .5  hours  to  overnight. 

Upon  capture,  Gulf  sturgeon  were  uniquely  tagged  with  four  external  Floy  tags, 
one  placed  in  each  pectoral  and  pelvic  fin,  and  one  internal  Passive  Integrated 
Transponder  (PIT)  tag  placed  in  the  base  of  the  dorsal  fin.  Recapture  information  was 
recorded  for  any  previously  marked  fish.  Total  length  and  weight  measurements  were 
recorded  for  all  fish  when  possible.  Since  our  boat  was  not  equipped  to  weigh  fish 
larger  than  45.5  kg,  the  weights  of  larger  fish  were  estimated  using  an  existing  Gulf 
sturgeon  length-weight  relationship  (Huff  1975). 

We  stratified  the  application  of  radio  tags  across  sizes  of  Gulf  sturgeon  and 
dates  of  capture  in  order  to  assess  differences  in  movement  and  habitat  preference 
due  to  size  or  date  of  entry  into  the  river.  As  in  other  studies  (Buckley  and  Kynard 
1985;  Hall  et  al.  1991),  transmitters  were  attached  with  wire  through  holes  drilled  into 
two  dorsal  scutes.  Twenty-one  radio  tags  were  360-day  transmitters,  and  four  radio 
tags  were  smaller  90-day  transmitters  for  use  on  smaller  Gulf  sturgeon.  In  order  to 
increase  the  life  of  the  transmitters  so  that  telemetered  fish  could  be  followed  for  at 
least  two  years,  twenty  of  the  360-day  transmitters  were  programmed  for  a  six-month 
on/six-month  off  duty  cycle,  and  were  initialized  to  turn  on  in  March  or  April  and  turn  off 
in  October. 

In  1995,  sampling  occurred  on  9  occasions  between  April  5  and  April  21.  Gulf 
sturgeon  were  caught,  tagged,  and  measured  using  the  same  procedures  as  in  1994, 
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except  that  more  larger  mesh  nets  (15.2  cm  to  30.5  cm)  were  used  and  set  times 
ranged  from  3  hours  to  overnight.  We  fitted  five  Gulf  sturgeon  with  external  radio 
transmitters  using  the  same  methods  as  in  1994.  Only  fish  greater  than  130  cm  total 
length  received  transmitters  because  they  were  also  to  be  tracked  in  a  concurrent 
study  on  Gulf  sturgeon  spawning  habitat.  All  five  360-day  transmitters  were 
programmed  for  a  nine-month  on/three-month  off  duty  cycle,  set  up  to  turn  on  in  early 
March  and  turn  off  in  November. 

Telemetry  and  Utilized  Habitat 

In  1 994,  we  searched  the  navigable  section  of  the  Choctawhatchee  River  at 
least  once  a  week  from  May  4  to  August  9,  and  then  at  least  once  every  two  weeks 
until  October  13.  Each  search  occasion  lasted  for  one  to  four  days.  Since  previous 
studies  (Wooley  and  Crateau  1 985;  Odenkirk  1 989)  have  found  Gulf  sturgeon  to  move 
more  during  spring  and  early  summer  than  during  midsummer,  we  searched  more 
frequently  during  that  time  period.  However,  high  flow  conditions  in  July  1994 
decreased  the  number  of  search  occasions  during  that  month  due  to  safety  concerns. 
We  also  searched  several  kilometers  of  the  Pea  River  and  further  upriver  from  our 
study  area  on  the  Choctawhatchee  River  in  May,  Morrison  Springs  in  June,  and  the 
navigable  sections  of  East  River  in  July. 

As  in  previous  studies  (Wooley  and  Crateau  1985;  Odenkirk  1989),  Gulf 
sturgeon  were  initially  located  using  a  whip  antenna,  which  was  then  replaced  with  a 
paper  clip  (which  acts  as  a  poor  antenna)  to  determine  the  location  within  about  10  m. 
At  the  site  where  the  signal  was  strongest,  the  position  in  degrees  latitude  and 
longitude  was  recorded  using  a  LORAN  unit.  We  noted  the  position  of  the  fish  relative 
to  the  channel  and  any  visible  habitat  features  nearby,  such  as  tributaries,  springs,  or 
limestone  outcroppings.  In  accordance  with  the  precision  of  the  telemetry  equipment, 
habitat  variables  were  measured  within  an  approximate  10  m  radius  of  the  fish 
position.  These  variables  were  depth,  conductivity,  salinity,  and  dissolved  oxygen  and 
temperature  at  the  surface  and  bottom.  We  also  measured  water  velocity  at  the 
surface  and  at  20%  and  80%  of  depth. 
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In  1 995,  we  searched  the  navigable  section  of  the  Choctawhatchee  River  for 
telemetered  fish  at  least  once  a  week  from  April  20  to  July  6  and  then  once  every  two 
to  three  weeks  until  November  1.  However,  high  flow  conditions  in  August  1995 
decreased  the  number  of  search  occasions  during  this  month  due  to  safety  concerns. 
Each  search  occasion  lasted  one  to  two  days.  We  also  searched  several  river 
kilometers  of  the  Pea  River  and  further  upriver  from  our  study  area  on  the 
Choctawhatchee  River  in  May.  When  a  fish  was  located,  its  position  in  degrees  latitude 
and  longitude  was  recorded  using  a  Geographical  Positioning  System  (GPS)  unit.  We 
used  the  same  protocol  as  in  1 994  for  taking  habitat  measurements;  however,  our 
velocity  meter  failed  in  June  so  no  subsequent  velocity  measurements  were  made. 
Movement  Patterns 

Distances  in  river  kilometers  (RKM)  were  measured  using  a  map  wheel  on  U.S. 
Geological  Survey  (USGS)  1:24000  topographic  maps.  Geographical  Information 
Systems  (GIS)  software  PC  ARC/INFO  (Environmental  Systems  Research  Institute, 
Redlands,  CA)  was  used  to  determine  in  which  RKM  each  relocation  of  a  telemetered 
fish  occurred.  We  considered  the  relocation  of  a  fish  to  be  independent  of  its  previous 
relocation  provided  enough  time  had  elapsed  for  the  fish  to  move  from  one  end  of  its 
home  range  to  the  other  (White  and  Garrott  1990).  Odenkirk  (1989)  had  found  Gulf 
sturgeon  capable  of  moving  32.7  km/day,  which  means  that  Gulf  sturgeon  could 
potentially  cover  the  entire  148  km  section  of  the  Choctawhatchee  River  in  about  four 
to  five  days.  Using  this  information,  we  considered  four  or  more  days  between  each 
relocation  to  be  a  sufficient  amount  of  time  for  relocations  to  be  independent 
observations. 

We  pooled  movement  data  by  5  km  sections  in  order  to  provide  adequate 
numbers  of  observations  per  category  and  simplify  the  presentation  of  results.  Our 
examination  of  the  movement  data  indicated  that  similar  results  would  be  obtained  if 
narrower  intervals  were  used.  The  RKM  were  pooled  into  the  largest  sections  possible 
in  order  to  decrease  the  number  of  categories  used  in  the  chi-square  analyses,  and  to 
increase  the  expected  values  of  the  chi-square  tests  to  at  least  1 .0  (Snedecor  and 
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Cochran  1 989).  For  the  chi-square  analyses,  we  further  pooled  RKM  sections  21-30 
and  RKM  sections  66-150  since  Gulf  sturgeon  seldom  used  those  areas. 

To  test  for  differences  in  Gulf  sturgeon  distribution  among  RKM  sections 
between  years,  size  classes,  and  dates  of  entry  into  the  Choctawhatchee  River,  chi- 
square  contingency  tables  (Snedecor  and  Cochran  1989)  and  chi-square  tests  of 
preference  (Neu  et  al.  1974;  White  and  Garrott  1990)  were  used.  In  order  to  reduce 
confounding  variables,  we  determined  whether  there  was  a  relationship  between  the 
time  of  entry  into  the  Choctawhatchee  River  and  fish  size  using  linear  regression.  For 
the  size  analyses,  we  used  two  size  classes  (less  than  or  equal  to  130  cm  TL  versus 
those  greater  than  130  cm  TL)  based  on  the  size  at  maturity  as  defined  by  Huff  (1975). 
Only  data  from  1994  were  used  for  these  analyses  since  fish  from  1995  represent  only 
the  larger  size  class.  For  the  date-of-entry  analyses,  we  used  four  groups  from  1994 
since  there  were  three  natural  breaks  in  our  capture  dates  creating  one  week  intervals 
between  the  groups. 

To  test  for  differences  in  RKM  use  by  month  and  in  the  distance  moved  by 
month,  we  also  used  chi-square  contingency  tests  and  chi-square  tests  of  preference. 
We  pooled  search  occasions  over  each  month,  and  combined  July  and  August  in 
1994  and  1995,  September  and  October  in  1994,  and  September,  October,  and 
November  in  1995.  High  flow  conditions  in  July  1994  and  August  1995  decreased  the 
number  of  search  occasions  during  those  months,  so  it  was  necessary  to  combine  the 
two  months  in  both  years  to  obtain  sufficient  sample  sizes.  In  addition,  the  river  was 
searched  only  periodically  in  both  years  during  September  and  October  and  during 
November  1995,  which  made  it  necessary  to  combine  these  months  as  well. 

Available  Habitat 

We  measured  available  habitat  June  23  through  July  3,  1995  along  148  cross¬ 
river  transects  located  on  the  main  course  of  the  Choctawhatchee  River,  with  one 
transect  occurring  at  every  RKM.  The  coordinates  of  each  RKM  were  recorded  in 
degrees  latitude  and  longitude  using  a  GPS  unit.  We  measured  the  width  of  the 
transect  using  an  optical  range  finder  and  recorded  a  profile  of  depth  across  the 
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transect  using  a  chart-recording  depth  sounder.  We  sampled  substrate  from  the 
middle  of  each  transect  using  a  ponar  bottom  sampler,  and  performed  a  visual 
inspection  of  substrate  on  the  river  bank  at  water  level.  The  depth  profile  for  each  RKM 
transect  was  digitized  using  GIS  software.  Available  depths  were  obtained  by  creating 
a  database  consisting  of  depths  at  1.5  m  intervals  across  each  transect. 

To  compare  the  distribution  of  available  depths  to  the  depths  where  Gulf 
sturgeon  were  relocated,  we  had  to  account  for  differences  in  gage  height  (or  river 
stage)  between  the  period  when  sampling  for  available  depths  occurred  and  the  dates 
when  fish  were  relocated  (Figure  2).  We  used  USGS  data  on  daily  mean  gage  height 
(m)  and  water  flow  (m3/sec)  during  1 994  and  1 995  for  two  sites  on  the 
Choctawhatchee  River  at  Caryville  and  Bruce,  Florida  (Figure  1).  We  standardized  all 
depths  by  using  as  a  benchmark  the  average  gage  height  during  the  dates  we 
measured  available  habitat.  Because  the  majority  of  the  relocations  were  between  the 
Caryville  and  Bruce  stations,  we  averaged  the  gage  heights  from  the  two  stations  for 
the  dates  we  measured  available  habitat  in  1995.  We  then  calculated  the  deviation  of 
gage  heights  from  this  benchmark  for  every  date  utilized  and  available  habitat  were 
sampled.  We  added  the  deviation  for  each  date  to  the  measured  utilized  or  available 
depths  on  that  date  to  obtain  standardized  depths.  We  determined  whether  Gulf 
sturgeon  were  selecting  specific  depth  intervals  by  comparing  standardized  available 
depths  with  standardized  utilized  depths  using  chi-square  tests  and  Bonferroni 
confidence  intervals  (Neu  et  al.  1974;  Snedecor  and  Cochran  1989;  White  and  Garrott 
1990).  To  test  whether  Gulf  sturgeon  changed  position  in  response  to  changes  in  river 
stage  height,  we  compared  the  average  gage  height  for  the  Caryville  and  Bruce 
stations  to  the  utilized  depth  for  each  fish  using  correlation  analyses. 

To  compare  the  change  in  flow  rate  with  the  distance  a  fish  moved,  we  first 
averaged  the  daily  mean  flow  for  the  Caryville  and  Bruce  stations  for  1994.  For  1995, 
only  flow  data  from  Bruce  station  was  available,  so  its  daily  mean  flow  was  used.  We 
then  calculated  the  change  in  flow  and  the  distance  fish  moved  between  search 
occasions,  and  tested  the  relationship  between  these  variables  using  correlation 
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analysis. 

Limestone  Outcroppings  and  Springs 

While  searching  for  telemetered  fish  and  measuring  available  habitat,  we 
recorded  which  RKM  had  visible  limestone  outcroppings  present.  Locations  of  spring 
outlets  in  the  Choctawhatchee  River  (Figure  3)  were  recorded  using  positions  given  on 
USGS  1:24,000  topographic  maps  and  using  locations  recorded  in  Springs  of  Florida 
(Rosenau  et  al.  1977).  We  assessed  how  close  Gulf  sturgeon  were  to  these  features 
by  calculating  the  distance  from  the  RKM  where  a  fish  was  relocated  to  the  RKM 
containing  the  closest  spring  outlet  and  limestone  outcropping.  We  also  obtained 
expected  distances  from  springs  and  limestone  outcroppings  by  creating  a  random 
distribution  of  500  RKM  locations  within  our  study  section  (RKM  1-148),  and 
calculating  the  distances  between  these  RKM  locations  and  the  nearest  spring  and 
limestone  outcropping.  Using  chi-square  tests  for  each  year,  we  assessed  whether 
Gulf  sturgeon  were  found  closer  to  springs  and/or  limestone  outcroppings  than 
expected. 

Results 

Capture 

In  1994,  51  Gulf  sturgeon  were  captured  at  the  mouth  of  the  Choctawhatchee 
River,  ranging  in  size  from  65  cm  to  193  cm.  One  fish  was  captured  twice,  but  there 
were  no  known  recaptures  of  fish  tagged  in  the  1988  or  1991  gill-net  surveys.  All  fish 
were  released  upon  capture  and  there  were  no  known  mortalities  due  to  capture  or 
handling.  Radio  tags  were  affixed  to  25  Gulf  sturgeon  ranging  in  size  from  74  cm  to 
193  cm.  The  first  radio  tag  was  applied  on  March  30  and  the  last  on  April  29. 

In  1995, 13  Gulf  sturgeon  were  captured,  ranging  in  size  from  100  cm  to  197 
cm.  One  fish  was  captured  twice,  but  there  were  no  known  recaptures  of  Gulf  sturgeon 
tagged  in  1988,  1991,  or  1994.  All  fish  were  released  upon  capture,  and  there  were 
no  known  mortalities  due  to  capture  or  handling.  Radio  tags  were  affixed  to  5  Gulf 
sturgeon  ranging  in  size  from  139  cm  to  197  cm.  The  first  radio  tag  was  applied  on 
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April  14  and  the  last  on  April  19. 

Telemetry 

In  1994,  the  25  radio-tagged  Gulf  sturgeon  were  found  on  3  - 15  (mean=10)  of 
the  17  search  ocdasions.  All  relocations  were  in  the  main  course  of  the 
Choctawhatchee  River,  with  no  fish  found  in  any  major  tributaries. 

In  1995,  the  five  newly  radio-tagged  Gulf  sturgeon  were  found  on  12-16  of  the 
17  search  occasions.  Eight  radio  tags  that  were  applied  in  1994  were  found  in  1995. 
However,  six  of  the  eight  radio  tags  were  considered  to  be  shed  from  fish  since  they 
were  found  in  the  same  location  as  in  late  1994  and  no  movement  of  the  tag  occurred 
during  1995.  The  two  fish  tagged  in  1994  with  tags  still  intact  were  relocated  on  two 
and  four  occasions  during  1995.  We  excluded  relocations  of  shed  radio  tags  from  our 
analyses,  which  resulted  in  a  total  of  245  relocations  in  1994  and  82  relocations  in 
1995. 

Movement 

Gulf  sturgeon  were  not  found  randomly  throughout  the  Choctawhatchee  River, 
and  were  most  likely  to  be  found  in  discrete  areas  (Figures  4-5).  The  five  most 
frequently  used  areas  were: 

SHJ  -  near  a  tributary  called  Smokehouse  Junction  (RKM  11-15); 

HW20  -  below  Highway  20  bridge  (RKM  31-35); 

RKL  -  below  a  tributary  called  Holmes  Creek  which  provides  an  outlet  for 

Cypress  and  Blue  Springs,  and  is  near  the  Rocky  Landing  boat  ramp 
(RKM  41-45); 

PSH  -  beside  a  park  which  we  will  refer  to  as  Parkside  Heights  (RKM  51-55); 

SPR  -  below  a  tributary  called  Sandy  Creek  which  provides  an  outlet  for  Ponce 

de  Leon  and  Jackson  Springs,  which  we  will  refer  to  as  Spring  Outlet 
(RKM  61-65). 

Areas  HW20,  RKL,  and  PSH  were  relatively  long  wide  straight  stretches  with  low-to- 
average  velocities.  The  areas  SHJ  and  SPR  are  narrower  sections  of  the  river 
characterized  by  sharp  curves  and  average  velocities.  The  areas  RKL,  PSH,  and  SPR 
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contain  exposed  limestone  outcroppings,  and  the  areas  RKL  and  SPR  are  directly 
below  known  spring  outlets. 

We  found  a  significant  difference  in  the  distribution  of  Gulf  sturgeon  among  RKM 
sections  between5  the  two  years  (p<0.001).  Gulf  sturgeon  used  the  lower  river  near  the 
mouth  more  frequently  in  1995  than  in  1994,  and  area  PSH  more  frequently  in  1994 
than  in  1995  (Figure  5).  In  both  years  of  the  study,  Gulf  sturgeon  preferred  discrete 
areas  SHJ  and  RKL,  as  well  as  areas  PSH  in  1994  and  HW20  in  1995. 

Because  only  2  of  the  25  Gulf  sturgeon  tagged  in  1994  were  found  in  1995,  we 
could  not  evaluate  the  extent  of  homing  that  occurred.  However,  both  fish  that  were 
relocated  in  1995  were  within  2  km  of  where  they  were  last  located  in  1994. 

We  found  Gulf  sturgeon  to  move  greater  distances  upstream  during  the  early 
summer  and  greater  distances  downstream  during  the  fall  in  both  years  (Figure  6). 

Gulf  sturgeon  occasionally  moved  substantial  distances  upstream  during  the  fall.  The 
least  amount  of  movement  occurred  during  July  and  August  in  both  years.  During 
midsummer,  Gulf  sturgeon  generally  remained  within  the  discrete  areas,  although 
there  was  some  (apparently  rapid)  movement  between  areas.  We  seldom  found  fish 
between  discrete  areas  (Figure  4). 

The  distribution  of  Gulf  sturgeon  over  RKM  sections  varied  significantly  by  time 
period  in  1994  (p<0.001)  and  1995  (p=0.012).  Gulf  sturgeon  were  found  more 
frequently  in  the  lower  river  near  the  mouth  in  May,  in  mid-river  areas  (RKM  31-55)  in 
June-August,  and  throughout  the  river  in  September-November  (Figure  7).  Some 
differences  between  years  were  greater  use  of  the  RKL  and  PSH  areas  in  1994,  and 
greater  use  of  the  HW20  and  RKM  36-40  sections  in  1995. 

We  found  no  evidence  of  a  relationship  between  the  length  of  Gulf  sturgeon 
and  date  of  entry  into  the  river  (p=0.356)  (Figure  8).  However,  the  length  of  fish  did 
significantly  affect  which  RKM  sections  were  used  (p<0.001).  Larger  Gulf  sturgeon 
used  area  RKL  more  than  smaller  Gulf  sturgeon,  whereas  the  reverse  was  true  for 
areas  SHJ  and  PSH.  Both  size  classes  were  most  commonly  found  in  area  RKL. 
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We  found  the  distribution  of  Gulf  sturgeon  over  RKM  sections  to  be  affected  by 
when  fish  entered  the  river  (p<0.001).  Earlier  groups  were  more  likely  to  move  to 
upriver  sites,  while  the  later  arrivals  used  the  lower  river  near  the  mouth  to  a  greater 
degree  (Figure  1'oj.  The  discrete  area  RKL  was  important  to  all  groups. 

We  found  no  evidence  of  a  correlation  between  the  distance  moved  by  radio- 
tagged  fish  from  their  last  position  and  river  flow  rates  (r=  -0.08)  in  1994  and  in  1995 
(r=0.24)  (Figure  11).  Most  fish  remained  at  the  same  location,  even  during  periods  of 
extreme  flooding.  In  early  July  of  1994,  the  height  of  the  Choctawhatchee  River  at 
Caryville  rose  approximately  4.5  m  above  flood  stage  (3.7  m).  We  had  located  22  of 
the  25  radio  tagged  Gulf  sturgeon  on  the  occasion  before  the  flood  and,  once 
searching  could  be  resumed  (on  July  20),  we  found  20  of  the  22  (86%)  fish.  One  of  the 
20  transmitters  was  either  shed  or  represented  a  mortality  since  it  did  not  change 
position  through  the  rest  of  1994  and  1995.  Of  the  19  fish  with  functioning  tags,  12 
(63%)  were  within  1  km  of  their  pre-flood  position,  with  8  of  the  19  (42%)  less  than  0.5 
km  from  their  pre-flood  position.  The  mean  distance  a  Gulf  sturgeon  was  found  from  its 
pre-flood  position  was  2.5  km  (SE=6.86)  downstream.  The  farthest  a  fish  was  found 
downstream  of  its  pre-flood  position  was  95  km,  while  the  farthest  upstream  was  54 
km. 

Habitat 

We  found  that  Gulf  sturgeon  tended  to  remain  in  position  regardless  of  changes 
in  river  depth  (gage  height).  The  average  correlation  coefficient  between  the  depths  at 
which  Gulf  sturgeon  were  relocated  and  gage  height  (r=0.43)  was  significantly 
different  from  zero  (p<0.001),  and  fifteen  individual  fish  had  correlation  coefficients  of 
0.60  or  greater  (Figure  12).  Some  correlations  were  close  to  zero,  however,  which 
suggests  that  those  Gulf  sturgeon  may  have  changed  locations  to  maintain  a  specific 
depth  as  gage  height  changed. 

We  found  a  significant  difference  between  available  and  utilized  depths  for  both 
1994  and  1995  (p<0.001),  with  Gulf  sturgeon  avoiding  the  shallowest  areas  (<2  m) 
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and  occurring  most  commonly  In  water  2.0-2.9  m  In  depth  (Figure  13).  They  were 
often  found  between  the  main  channel  and  the  river  bank,  instead  of  in  the  main 
channel  which  tended  to  be  deeper.  In  1994,  89%  of  Gulf  sturgeon  relocations  were 
found  outside  of  the  main  channel,  and  in  1995,  72%  of  relocations  were  outside  of  the 
main  channel.  We  also  found  a  significant  difference  in  utilized  depths  between  the 
two  years,  due  to  fish  occupying  deeper  water  in  1995  compared  to  1994. 

Limestone  outcroppings  and  springs  or  spring  outlets  were  found  throughout 
the  Choctawhatchee  River,  with  a  concentration  of  limestone  outcroppings  in  the 
upper  river  and  springs  in  the  middle  river  (Figure  3).  Our  telemetry  results  suggested 
that  Gulf  sturgeon  selected  areas  that  were  adjacent  to  or  just  downstream  of  either 
springs  or  limestone  outcroppings.  In  both  years,  we  found  Gulf  sturgeon  0-5  km 
downstream  from  a  spring  or  spring  outlet  more  frequently  than  expected,  and  more 
than  10  km  upstream  from  a  spring  or  spring  outlet  less  than  expected  (Figure  14).  In 

1994,  27%  of  relocations  were  found  within  2  km  of  a  spring  outlet,  and  11%  of 
relocations  were  found  within  1  km.  In  1995,  31%  of  relocations  were  found  within  2 
km  of  a  spring  outlet,  and  13%  of  relocations  were  found  within  1  km.  The  median 
distance  from  a  spring  outlet  was  2  km  downstream  in  both  years. 

Water  temperatures  at  sites  where  Gulf  sturgeon  were  located  varied 
seasonally  but  were  generally  similar  within  each  sampling  occasion  (Figure  15).  In 
both  years,  the  average  temperature  was  24.9  C  from  May  to  October. 

We  found  Gulf  sturgeon  in  1994  to  be  0-2  km  downstream  from  a  limestone 
outcropping  more  than  expected,  with  64%  of  relocations  within  2  km  and  52%  within 
1  km  (Figure  16).  In  1995,  there  was  also  a  significant  difference  between  the 
expected  and  observed  distributions,  but  the  sites  selected  were  at  considerable 
distances  from  limestone  outcroppings.  Only  27%  of  the  1995  relocations  were  found 
within  2  km  of  a  limestone  outcropping,  with  21%  within  1  km.  The  median  distance 
from  a  limestone  outcropping  was  1  km  downstream  in  1994  and  9  km  downstream  in 

1995. 
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When  the  distance  from  either  a  spring  outlet  or  limestone  outcropping  was 
considered,  relocated  Gulf  sturgeon  were  within  2  km  more  often  than  expected 

during  1994  (Figure  17).  During  1995,  Gulf  sturgeon  did  not  appear  to  associate 

»  ;■  , 

closely  with  springs  and  limestone  outcroppings.  They  occurred  more  often  than 
expected  only  at  distances  of  8-9  km  downstream. 

Discussion 

Gulf  sturgeon  within  the  Choctawhatchee  River  were  often  found  during 
summer  in  one  of  several  discrete  areas  in  the  lower-to-middle  river,  each 
approximately  2-3  km  in  length.  Fish  tended  to  either  remain  in  one  area  for  the  entire 
summer,  or  display  directed  movements  between  areas.  Foster  and  Clugston  (in 
press)  identified  congregation  areas  approximately  4-8  km  long  for  Gulf  sturgeon  in 
the  Suwannee  River.  This  pattern  of  site-specific  summer  movement  has  also  been 
documented  in  other  sturgeon  species.  Moser  and  Ross  (1995)  reported  that  juvenile 
Atlantic  sturgeon  exhibited  slow  movements  during  June-September,  and  tended  to 
remain  within  deep  holding  areas  (>10  m).  Hurley  et  al.  (1987)  found  that  most  of  the 
long  range  movements  of  shovelnose  sturgeon  after  spring  migration  were  between 
discrete  areas.  For  shortnose  sturgeon,  Buckley  and  Kynard  (1985)  noted  direct  and 
exact  movement  between  discrete  areas  in  the  Connecticut  River,  and  Dadswell 
(1979)  found  fish  to  become  resident  in  certain  areas  until  the  fall. 

We  found  that  Gulf  sturgeon  within  the  Choctawhatchee  River  settled  into  one  of 
the  discrete  areas  by  July  in  both  1994  and  1995.  This  is  consistent  with  results 
obtained  by  Chapman  and  Carr  (1995)  and  Foster  and  Clugston  (in  press),  who  found 
Gulf  sturgeon  in  the  Suwannee  River  to  become  established  within  specific  areas  by 
the  beginning  of  July,  and  to  move  no  more  than  one  kilometer  up  or  down  stream 
from  this  established  summer  area.  We  also  found  several  fish  to  move  upstream  in 
the  fall  of  1994,  which  could  imply  a  fall  spawning  migration.  Smith  et  al.  (1984)  also 
documented  a  fall  upriver  spawning  migration  of  Atlantic  sturgeon  in  South  Carolina. 
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We  found  evidence  that  fish  entering  the  river  earlier  were  more  likely  to  use 
areas  farther  upriver.  During  1994,  fish  that  entered  the  river  in  late  March  through 
mid-April  were  more  likely  to  move  into  upriver  areas,  particularly  the  PSH  area  and 
RKMs  66-150.  We  did  not  detect  substantial  use  of  those  areas  in  1995,  but  gill  netting 
and  searching  began  later  in  1995  than  in  1994.  Electrofishing  studies  in  the  upper 
Choctawhatchee  River  during  1995  confirmed  the  presence  of  Gulf  sturgeon  in  the 
upper  river  prior  to  the  start  of  our  sampling.  Thus  the  fish  that  we  tagged  in  1995  were 
not  among  the  earliest  migrants  into  the  river.  We  hypothesize  that  Gulf  sturgeon 
entering  the  river  earliest  are  those  most  likely  to  spawn  that  year  and  that  directed 
movement  to  upriver  areas  suggests  that  these  areas  may  be  spawning  grounds. 

Our  low  return  rate  in  1995  of  fish  tagged  in  1994  could  be  due  to  Gulf  sturgeon 
not  returning  to  the  same  river  every  year,  or  due  to  transmitter  failure  or  tags  being 
shed  while  over-wintering  in  Choctawhatchee  Bay  or  the  Gulf  of  Mexico.  We  feel  the 
latter  explanation  is  most  likely  since  5  of  our  25  tags  were  already  shed  while  fish 
were  still  in  the  river  in  1 994.  Straying  to  other  rivers  appears  to  be  unlikely  for  Gulf 
sturgeon,  based  on  the  high  return  rates  observed  in  earlier  studies  (Wooley  and 
Crateau  1 985;  Odenkirk  1 989;  Foster  and  Clugston,  in  press). 

In  previous  studies,  habitat  characteristics  thought  to  be  preferred  by  Gulf 
sturgeon  have  often  been  extrapolated  from  other  sturgeon  species,  based  on 
anecdotal  evidence,  or  inferred  from  gill-net  sampling  (Wooley  and  Crateau  1985)  or 
telemetry  methods  (Wooley  and  Crateau  1985;  Odenkirk  1989;  Foster  and  Clugston,  in 
press).  However,  capturing  fish  in  areas  historically  known  to  contain  Gulf  sturgeon 
may  reduce  the  likelihood  of  detecting  important  new  habitats.  Also,  capturing  fish  on 
suspected  spawning  grounds  may  provide  a  biased  picture  of  habitat  use,  since  non¬ 
spawning  or  immature  fish  may  have  different  patterns  of  migration  than  spawning  fish. 
Our  approach  of  intercepting  fish  at  the  mouth  of  the  river,  then  using  movements  data 
to  identify  areas  of  concentration,  proved  to  be  useful.  We  not  only  confirmed 
anecdotal  information  about  known  areas  of  concentration  (SHJ,  HW20,  RKL)  but  also 
identified  new  areas  not  previously  known  to  be  important  for  Gulf  sturgeon  (PSH, 
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SPR).  Both  newly  identified  areas  are  in  more  remote  locations,  and  were  therefore 
less  likely  to  be  known  to  local  residents. 

It  has  been  assumed  that  depth  and  velocity  greatly  influence  habitat  selection 
by  Gulf  sturgeon  during  summer.  Wooley  and  Crateau  (1985)  describe  summer 
habitat  as  being  deep  holes,  and  Dovel  and  Berggren  (1983)  assume  Atlantic 
sturgeon  seek  deeper,  cooler  water  in  the  summer.  Moser  and  Ross  (1995)  found  that 
juvenile  Atlantic  sturgeon  tended  to  remain  within  deep  holding  areas  during  summer. 
Our  results  differed  for  the  Choctawhatchee  River,  since  most  of  the  discrete  areas 
selected  by  Gulf  sturgeon  were  relatively  shallow  stretches  (3-4  m)  without  deep  holes. 
The  Choctawhatchee  River  does  have  a  deeper,  higher-velocity  main  channel,  but  we 
found  most  Gulf  sturgeon  to  be  outside  of  the  main  channel,  closer  to  the  bank  of  the 
river.  Our  result  also  differ  from  the  reported  distribution  in  the  Suwannee  River, 
where  Gulf  sturgeon  tended  to  be  found  within  the  main  channel  (Foster  and  Clugston, 
in  press). 

Depth  and  velocity  do  not  appear  to  be  primary  factors  in  Gulf  sturgeon  habitat 
selection  within  the  Choctawhatchee  River.  The  depths  selected  by  Gulf  sturgeon 
were,  for  a  majority  of  fish,  positively  correlated  with  river  gage  height.  This  indicates 
that  Gulf  sturgeon  do  not  change  position  to  remain  in  water  of  a  specific  depth.  Gulf 
sturgeon  did  select  against  areas  less  than  2  m  in  depth,  so  there  are  apparent  limits 
on  the  range  of  depths  over  which  they  exhibit  no  preference.  We  also  did  not  detect 
any  movement  of  Gulf  sturgeon  in  response  to  changes  in  flow,  indicating  that  fish 
remain  in  the  same  locations  over  a  wide  variety  of  flows.  Foster  and  Clugston  (in 
press)  also  saw  no  relationship  between  the  behavior  of  radio-tagged  fish  and  river 
discharge  rates. 

Previous  studies  have  indicated  that  constant-temperature  springs  and 
limestone  outcroppings  may  be  important  habitat  attributes  for  Gulf  sturgeon  (Carr 
1983;  Wooley  and  Crateau  1985;  Chapman  and  Carr  1995;  Clugston  et  al.  1995; 
Foster  and  Clugston,  in  press).  Our  quantitative  analyses  of  habitat  preference  within 
the  Choctawhatchee  River  are  consistent  with  these  earlier  studies.  We  find  that  Gulf 
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sturgeon  exhibit  a  preference  for  areas  downstream  of  spring  outlets,  although  they  do 
not  occupy  sites  that  have  temperatures  characteristic  of  springs.  The  average 
temperature  at  sites  during  May-October  where  we  relocated  Gulf  sturgeon  was  24.9 
C,  which  was  almost  identical  to  the  mean  temperature  reported  for  midsummer  sites 
occupied  by  Gulf  sturgeon  in  the  Suwannee  River  (24.7  C;  Foster  and  Ciugston,  in 
press).  For  both  river  systems,  the  observed  summer  temperatures  were  considerably 
higher  than  the  expected  temperature  of  spring  water  (about  21 C,  Racine  et  al.  1978). 
The  Choctawhatchee  River  is  primarily  spring-fed,  with  spring  water  entering  the  river 
either  from  direct  spring  outlets,  tributaries  from  springs  to  the  river,  or  from  seepage 
from  the  limestone  outcroppings  present  in  the  river.  However,  due  to  the  high  flow  of 
the  river,  thermal  plumes  due  to  spring  water  entering  the  river  are  very  localized. 
Ciugston  et  al.  (1995)  were  unable  to  demonstrate,  using  temperature-sensing 
transmitters,  that  Gulf  sturgeon  in  the  Suwannee  River  moved  into  areas  with 
temperatures  characteristic  of  spring  water.  They  also  noted  that  the  21  C  water 
discharged  from  springs  within  the  Suwannee  River  mixed  rapidly  with  ambient  river 
water,  so  that  only  a  small  cool-water  plume  would  be  available  as  a  thermal  refuge.  It 
is  also  possible  that  periodic  movements  into  localized  areas  of  cool  water  might  go 
undetected  (Foster  and  Ciugston,  in  press). 

Our  results  regarding  the  importance  of  limestone  outcroppings  within  the 
Choctawhatchee  River  were  inconsistent.  Almost  all  the  discrete  areas  where  Gulf 
sturgeon  settled  contained  a  limestone  outcropping,  and  64%  of  the  relocations  in 
1994  were  within  2  km  of  an  outcropping.  During  1995,  however,  we  did  not  detect  a 
higher  than  expected  concentration  of  fish  in  areas  close  to  limestone  outcroppings. 
Wooley  and  Crateau  (1982)  identified  limestone  shoals  in  the  Apalachicola  River  as 
probable  spawning  grounds,  and  further  work  is  needed  to  establish  their  importance 
in  the  Choctawhatchee  River  system.  They  may  provide  a  substrate  that  eggs  will 
readily  adhere  to,  or  may  also  seep  mineral-laden  water  which  attracts  Gulf  sturgeon. 
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Recommendations 

We  recommend  further  study  of  the  discrete  areas  within  the  Choctawhatchee 
River  that  contained  Gulf  sturgeon.  Detailed  analyses  of  those  areas  could  establish 
what  factors  (e.g.,  temperature,  substrate,  food  resources)  cause  fish  to  concentrate  in 
those  areas.  We  also  need  to  determine  whether  any  of  the  discrete  areas  are  used 
for  spawning,  in  order  to  delineate  all  critical  habitats  of  Gulf  sturgeon.  The 
Choctawhatchee  River  remains  open  to  the  possible  long-term  deterioration  that  has 
characterized  many  of  the  rivers  in  south  Florida  (Livingston  et  al.  1991),  and  we  need 
to  act  to  ensure  the  continued  survival  and  eventual  recovery  of  the  Gulf  sturgeon 
population  in  this  river. 

We  also  recommend  applying  our  methodology  to  populations  of  Gulf  sturgeon 
in  other  rivers.  By  radio  tagging  Gulf  sturgeon  at  the  mouth  of  these  rivers  during  their 
spring  upriver  migration,  it  is  possible  to  get  an  unbiased  picture  of  the  important 
habitats  within  each  river.  This  will  allow  us  to  better  protect  Gulf  sturgeon  critical 
habitat  in  the  event  of  future  plans  to  alter  (e.g.,  channelize,  dredge,  impound)  any  of 
these  rivers. 
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Figure  1:  The  Choctawhatchee  River  and  principle  tributaries.  USGS  gage  sites  are 
located  at  Caryville  and  Bruce. 

Figure  2:  Daily  average  gage  height  for  the  Choctawhatchee  River  and  dates  of 
sampling  utilized  and  available  habitat. 

Figure  3:  The  Choctawhatchee  River  with  known  spring  outlets  and  visible  limestone 
outcroppings,  and  numbers  denoting  distance  upstream  from  the  river  mouth 
(river  kilometers). 

Figure  4:  The  Choctawhatchee  River  with  locations  of  radio-tagged  Gulf  sturgeon  and 
areas  frequented  in  1994  and  1995. 

Figure  5:  Proportion  of  Gulf  sturgeon  relocations  within  each  section  of  the 

Choctawhatchee  River  in  1994  and  1995.  Expected  proportions  refer  to  the 
fraction  of  total  river  kilometers  contained  within  each  section. 

Figure  6:  Distribution  of  distances  moved  upstream  (positive)  and  downstream 
(negative)  by  period  for  radio-tagged  Gulf  sturgeon  in  the  Choctawhatchee 
River  during  1994  and  1995. 

Figure  7:  Proportion  of  Gulf  sturgeon  relocations  within  each  section  of  the 

Choctawhatchee  River  by  month  and  year  for  May-October  1994  and  May- 
November  1995. 

Figure  8:  Relationship  between  length  of  Gulf  sturgeon  captured  and  date  of  capture 
for  the  1994  sampling  period. 

Figure  9:  Comparison  of  use  of  river  kilometer  sections  by  two  size  classes  of  Gulf 
sturgeon  for  1994. 

Figure  10:  Comparison  of  use  of  river  kilometer  sections  by  Gulf  sturgeon  during  1994, 
based  on  date  of  entry. 

Figure  11:  Relationship  between  change  in  flow  of  the  Choctawhatchee  River  and  the 
distance  moved  upstream  (positive)  or  downstream  (negative)  by  radio-tagged 
Gulf  sturgeon  between  relocations  in  1994  and  1995. 
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Abstract.  Within  river  corridors,  the  distribution 
of  plant  species  and  communities  is  heavily  influenced 
by  hydrological  and  geomorphological  processes. 
Furthermore,  the  vegetation  can  have  a  direct  influence 
on  the  detailed  character  and  rate  of  hydrogeo- 
morphological  processes.  This  paper  reviews  such 
interactions  at  a  variety  of  spatial  scales  ranging  from 


vegetation  gradients  across  entire  floodplains  from 
hillslope  to  river  channel,  to  the  local  influences  of  bank 
vegetation  and  in-channel  accumulations  of  woody 
debris. 

Key  words.  Hydrology,  fluvial  geomorphology, 
riparian  vegetation,  biogeomorphology. 


INTRODUCTION 

An  understanding  of  the  relationship  between  plants 
and  characteristics  of  their  immediate  hydrological 
environment  has  long  been  a  major  research  interest 
of  plant  ecologists.  However,  research  on  the  larger- 
scale  relationships  between  vegetation  and  hydrogeo- 
morphological  processes  is  a  more  recent  and 
interdisciplinary  development.  Early  work,  by  Hack  & 
Goodlett  (1960)  on  the  relationship  between  vegetation, 
topography  and  hydrological  processes,  by 
Zimmerman,  Goodlett  &  Comer  (1967)  on  the 
influence  of  vegetation  on  the  channel  form  of  small 
streams,  and  by  many  authors  on  forest  hydrological 
processes  (e.g.  the  symposium  edited  by  Sopper  &  Lull, 
1967),  represent  a  focus  which  developed  gradually 
through  the  1960s  and  1970s  to  become  a  major  theme 
for  interdisciplinary  research  in  the  1980s  and  1990s. 
A  number  of  books  and  review  articles  (e.g.  Viles,  1988; 
Thornes,  1990;  Malanson,  1993;  Gumell,  1995;  Hupp. 
Osterkamp  &  Howard,  1995)  testify  to  the  breadth  and 
strength  of  research  in  this  area,  and  illustrate  the 
interdisciplinary  approach  that  has  been  essential  to 
progress. 

This  paper  concentrates  upon  forest  vegetation 
within  river  corridors.  It  attempts  to  identify  both  the 
direct  influences  of  vegetation  on  fluvial  processes  and 
the  more  indirect  information  that  is  provided  by  the 
vegetation  (through  its  age.  species  composition  and 
vigour)  about  floodplain  environmental  processes.  This 


paper  reviews  the  hydrological  and  geomorphological 
information  contained  within  the  distribution  and 
character  of  vegetation  on  floodplains  supporting  a 
semi-natural  forest  cover. 

INTERACTIONS  BETWEEN 
HYDROGEOMORPHOLOGICAL 
PROCESSES  AND  VEGETATION 

The  distribution  of  plant  species  and  communities 
within  riparian  and  floodplain  zones  reflects  the 
sensitivity  of  the  vegetation  to  a  variety  of 
characteristics  of  the  physical  environment  including: 
the  degree  and  frequency  of  waterlogging;  the  energy 
and  frequency  of  flooding;  soil  and  river  water  quality; 
the  calibre  and  organic  content  of  river  corridor 
sediments;  and  the  rate  of  sedimentation.  It  may  atso 
reflect  certain  properties  of  individual  plant  species 
such  as:  seed  dispersal  mechanisms  and  requirements 
for  germination;  ability  to  survive  transfer  from  sites 
of  erosion  to  sites  of  deposition;  ability  to  compete 
under  particular  environmental  conditions  and/or 
stages  of  vegetation  colonisation  and  succession;  and 
ability  to  survive  the  abrasive  effects  of  specific  flow 
velocity  and  sediment  transport  regimes. 

Thus  we  may  anticipate  a  close  association  between 
the  processes  which  control  the  physical  character  of 
the  river  corridor  environment,  particularly  the 
distribution  of  hydrological  processes  and  fluvial 
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Fig.  2.  Hillslope  runoff  processes  (from  M.D.  Newson  (1994)  Hydrology  and  the  river  environment, 
permission  of  Oxford  University  Press). 


p.  60;  reproduced  with 


geomorphic  features,  and  the  mosaic  of  river  corridor 
vegetation.  Furthermore,  from  the  point  of  view  of  the 
hydrologist  and  geomorphologist,  these  process- 
vegetation  interactions  can  lead  to  patterns  in  the 
vegetation  which  can  reveal  the  nature  and  relative 
importance  of  hydrogeomorphological  processes  at 
different  locations  and  spatial/temporal  scales. 


HYDROGEOMORPHOLOGICAL 
GRADIENTS  ACROSS 
FLOODPLAINS 

In  order  to  comprehend  the  hydrogeomorphological 
significance  of  river  corridor  vegetation  patterns,  it  is 
first  necessary  to  consider  the  context  of  our  present 
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Fig.  3.  A  model  of  floodplain  groundwater  and  soil  water  movements  (reproduced  with  permission  of  the  authors  from  A.G. 
Brown  &  C.  Bradley  ( 1995)  Past  and  present  alluvial  wetlands  and  the  eco-arehaeological  resource:  implications  from  research  in 
East  Midland  Valleys.  UK.  Wetlands:  archaeology  ami  nature  conservation,  (ed.  by  M.  Cox,  V.  Strakcr  and  D.  Taylor),  pp.  189-203, 
HMSO.  London). 


understanding  of  the  hydrogeomorphology  of  river 
corridors. 

In  simple  terms,  we  can  consider  a  gradient  in 
the  relative  dominance  of  hydrogeomorphological 
processes  across  floodplains  and  the  significance  of 
such  a  gradient  for  vegetation  patterns  (Fig.  1).  Thus 
any  floodplain  cross-section  represents  the  result  of 
current  and  past  spatial  transitions  between  hillslope 
processes  (dominated  by  the  relative  importance  of 
overland  and  subsurface  flows  of  water)  and  fluvial 
geomorphological  processes  (dominated  by  the  river 
flow  and  sediment  transport  regime)  and  morphological 
adjustments  to  these  regimes.  The  intervening  flood- 
plain  experiences  a  range  of  interactions  between 
hillslope  hydrological  and  fluvial  geomorphological 
processes. 

Thus  we  can  consider  three  simple  models  which 
relate  to  hillslope-floodplain  hydrological  and  river 
channel  geomorphological  processes. 

1.  A  hillslope  hydrological  model  (Fig.  2),  which  is 
representative  in  this  diagram  of  the  interactions 
between  hydrological  processes  controlling  a 
dynamic  contributing  area  on  temperate  hillslopes. 
The  model  illustrates  the  importance  of  topography. 


infiltration  capacity  and  hydraulic  conductivity  of 
the  rock,  superficial  deposits  and  soil  on  hillslope 
drainage.  Under  a  semi-natural  vegetation  cover, 
different  hillslope  plant  communities  can  be  shown 
to  be  sensitive  indicators  of  the  soil-groundwater 
regime. 

2.  A  hydrological  model  of  floodplain  groundwater 
and  soil  water  movements  (Fig.  3)  illustrates  the 
significance  of  the  subdued  topography  and  the 
hydraulic  conductivity  of  the  floodplain  materials 
in  governing  the  soil  water  hydrological  regime. 
Local  variations  in  hydraulic  conductivity  and 
microtopography  are  associated  with  the  character 
of  marginal  colluvial  deposits,  processes  of  vertical 
overbank  floodplain  accretion  during  flood  events 
and  in  or  near  channel  processes  of  sediment  erosion 
and  deposition.  The  differences  in  the  soil  water 
hydrological  regime  (which  is  dependent  on 
contributions  from  different  water  source  areas, 
micro-topography  and  hydraulic  conductivity),  can 
be  reflected  in  marked  differences  in  the  overlying 
vegetation. 

3.  A  typology  of  large  river  channels  (Fig.  4)  shows 
how  the  planform  pattern,  mobility  and  in-channel 
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DECREASING  CHANNEL  STABILITY 
INCREASING  5E0IMENT  SUPPLY  — 


b*d  material  supply  dominated  channels 
boulders,  cobbles 


Wash  material  supply  dominated  channels 


Fig.  4.  Morphological  types  of  large  channels  (reproduced 
with  permission  from  M.  Church  (1992)  Channel  morphology 
and  typology.  Rivers  handbook .  Vol.  I  (ed.  by  P.  CaJow  and 
G.  H.  Petts).  p.  136.  Blackwell  Scientific,  Oxford.  The  diagram 
is  based  on  concepts  from  Schumm.  S.A.  (1985)  Patterns  of 
alluvial  rivers.  Ann.  Rev.  Earth  Planetary  Sci.  13,  5-72,  with 
permission  from  Annual  Reviews  Inc.,  and  MoIIard,  J.D. 
(1973)  Air  photo  interpretation  of  fluvial  features.  Proceedings 
oj  the  7th  Canadian  Hydrology  Symposium .  pp.  341-380). 


geomorphological  features  of  river  channels  reflects 
the  interaction  between  stream  power  (discharge 
and  gradient),  sediment  quantity  and  calibre.  Lateral 
movement  by  the  channel  will  leave  a  floodplain 
developed  by  lateral  accretion  that  has  a 
morphology  and  sedimentary  structure  which 
reflects  the  channel  type  that  built  it.  The  resulting 
variations  in  microtopography  and  hydraulic 
conductivity,  plus  the  time  since  deposition,  and  the 
stresses  and  sedimentation  caused  by  contemporary 


hydrogeomorphological  processes,  can  each  be 
reflected  in  the  vegetation  which  colonizes  the  new 
floodplain  and  the  subsequent  succession  that  is 
observed.  In  association  with  forested  floodplains, 
the  influence  of  woody  debris  on  flow  hydraulics, 
sediment  storage  and  transport,  flow  avulsion  and 
channel  pattern  evolution  can  also  be  very 
significant. 

The  interaction  between  hydrological  and  fluvial 
processes  leads  to  the  development  of  different  types 
or  floodplain  which  have  been  classified  by  Nanson  & 
Croke  (1992)  (Fig.  5).  Here  the  classification  is  based 
on  stream  energy  (reflected  in  discharge,  slope  and 
degree  of  confinement  of  the  flow)  and  on  the 
cohesiveness  of  the  materials  from  which  the  floodplain 
is  built.  Each  of  the  floodplain  types  can  be  expected 
to  develop  characteristic  assemblages  or  vegetation. 

Floodplain  forests  develop  through  interactions 
between  the  vegetation  and  the  physical  processes  that 
are  active.  This  review  will  illustrate,  by  reference  to 
examples  from  forested  river  corridors,  the  significance 
of  those  interactions. 


THE  SOIL  WATER  REGIME 

Contrasts  in  the  soil  water  regime  can  exert  a  very 
strong  primary  control  upon  river  corridor  vegetation 
patterns.  In  humid  areas,  subtle  relationships  between 
soil  water  regime  and  vegetation  have  been  widely 
demonstrated.  For  example,  Osterkamp  et  ai  (1995) 
review  research  on  the  relationship  between  vegetation, 
topography  and  hydrology  within  forested  catchments 
in  the  United  States.  They  also  suggest  for  the  Little 
River  Basin,  Virginia,  a  complex  relationship  between 
tree  species,  slope  aspect  and  form,  and  local  factors 
such  as  soil  texture,  shading,  and  litter,  which  may 
impact  on  evaporation  loss  and  groundwater  seepage. 
This  example  concentrates  on  hillslopes  bordering"  a 
headwater  river  system  where  true  floodplains  do  not 
exist.  In  situations  where  floodplains  are  more 
extensive,  the  association  between  topography, 
sediment  calibre  and  vegetation,  that  is  driven  by 
differential  soil  water  drainage,  is  more  clearly  defined. 
As  a  result,  several  researchers  have  found  elevation 
to  be  the  best  explanatory  variable  for  the  distribution 
of  herbaceous  species  within  forests  on  floodplains  in 
humid  environments  (e.g.  Barnes.  1978:  Menges,  1986). 

In  more  arid  environments  floodplains  can  still  support 
forests,  but  here  the  sensitive  association  between  soil 
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water  regime  and  vegetation  generates  even  clearer 
boundaries  in  the  vegetation.  For  example  Zimmerman 
{1980.  cited  in  Hupp,  1988),  showed  that  the  strong 
contrasts  in  water  table  levels  and  their  seasonal 
variability  across  floodplains  in  Arizona  were  reflected 
in  a  sequence  of  valley  floor  vegetation  ranging  from 
dry  scrub  to  a  well-developed  woodland  cover.  In  such 
arid  areas,  a  change  in  soil  water  regime  can  induce 
very  marked  changes  in  vegetation  cover.  For  example. 
Grocneveld  &  Griepentrog  (1985)  demonstrated  a 
decline  in  riparian  forest  cover  along  the  lower  Carmel 
River,  California,  which  they  attributed  mainly  to 
groundwater  abstraction,  although  other  factors  may 
have  been  influential,  including  sediment  transport 
change  and  channel  incision  following  the  closure  of 
an  upstream  dam. 

INUNDATION  FREQUENCY 

In  addition  to  soil  and  groundwater  influences, 
overbank  flows  can  have  a  significant  effect  on 
vegetation  patterns.  The  direct  impact  of  flooding  on 
vegetation  is  reflected  in  altitudinally  related  patterns 
in  vegetation  across  the  riparian  and  floodplain  zones. 
For  example.  Bren  (1988a.  b)  and  Bren  &  Gibbs  (1986) 
identify  relationships  between  flood  levels  and 
frequency,  and  the  vegetation  associations  within  a 
riparian  red  gum  ( Eucalyptus  canuthiulensis)  forest. 
Such  clear  relationships  between  vegetation  character 
and  flood  frequency  have  been  used  in  some  studies 
to  define  limits  of  floods  of  different  frequency  (e.g. 
Bedinger.  1978;  Hupp,  1987). 

In  addition  to  the  direct  influence  of  inundation 
frequency,  sediment  transfer  processes  during  floods 
have  major  impacts  on  vegetation  close  to  the  river 
system  through  direct  abrasion,  deposition  and  scour 
of  sediment.  In  these  environments,  the  survival  of  trees 
depends  on  their  ability  to  survive  hydraulic-abrasive 
damage  from  flow  velocities  and  transported  sediment 
or  their  ability  to  develop  root  systems  to  keep  pace 
with  sedimentation.  Sigafoos  (1964)  and  Sigafoos  & 
Sigafoos  (1966)  describe  the  use  of  evidence  from  flood- 
damaged  trees  (including  scar  tissue,  sprouting  from 
damaged  branches  and  trunks  and  the  development  of 
adventitious  root  systems  in  response  to  sedimentation) 
to  reconstruct  the  flooding  and  sedimentation  history 
of  the  floodplain  of  the  Potomac  River.  Hupp  &  Morris 
(1990)  combined  analyses  of  tree  age.  species 
composition  and  adventitious  root  development  to 
explore  sedimentation  patterns  and  rates  in  the  Black 


Swamp  along  the  Cache  River,  Arkansas.  Furthermore, 
Hupp  (1987.  1988)  combined  evidence  of  flood  damaee 
and  sedimentation  rates  reconstructed  from  riparian 
trees  with  information  on  vegetation  species 
composition  and  floodplain-channel  morphological 
components  to  extend  flood  frequency  records. 

FLOODPLAIN  ZONES 

The  integrated  impact  of  hydrological  and  fluvial 
geomorpho logical  processes  on  the  character  of 
riparian  forests  in  the  high  energy,  confined 
environment  of  headwater  rivers  and  their  floodplains  is 
well  illustrated  by  the  research  of  C.R.  Hupp.  Working 
mainly  in  Virginia,  he  has  investigated  interactions 
between  processes  of  hillslope  drainage,  river  flood 
frequency  and  fluvial  sediment  transfer,  and  the 
characteristics  of  riparian  woodland  vegetation.  For 
example,  cross-valley  and  down-valley  sequences  of 
fluvial  Iandforms  have  been  identified  which  support 
distinct  vegetation  communities  along  N.  Virginian 
rivers  (Hupp,  1982,  1983,  1986.  1990:  Osterkamp  & 
Hupp,  1984).  Valley-floodplain  cross  sections  include 
the  channel  bed  (under  water  at  mean  discharge), 
channel  depositional  bars  (at  the  level  of  about  40% 
flow  duration)  which  support  herbaceous  plants,  the 
channel  shelf  (at  approximately  5- 25%  flow  duration) 
covered  by  riparian  shrubs,  the  floodplain  (1-3  years 
flood  frequency)  supporting  floodplain  forest,  and 
terraces  (representing  former  floodplains)  with  terrace 
forest  assemblages.  In  the  upstream  direction,  the 
channel  shelf  with  its  distinctive  vegetation  persists  well 
beyond  the  upstream  limits  of  the  floodplain. 

Fetherston,  Naiman  &  Bilby  (1995).  also  stress  the 
association  between  physical  processes  and  riparian 
forest  development  in  montane  river  networks  of  the 
Pacific  Northwest.  They  note  that  ‘the  diverse 
vegetation  supported  by  riparian  landscapes  ...  is  the 
product  of  ...  disturbance  events  interacting  with 
spatially  heterogeneous  environmental  conditions' 
(Fetherston  ei  uL  1995,  p.  134). 

Further  downstream,  in  the  more  extensive 
floodplains  of  higher-order,  lower-energy  rivers,  a 
broad  zonation  in  floodplain  vegetation  frequently 
becomes  more  marked,  reflecting  the  transition  from 
hydraulically-dominated  to  hydrologicallv-dominated 
vegetation  types  along  transects  from  the  river  to  the 
adjacent  hillslopes.  Thus.  Pautou  &  Decamps  (I9S5) 
and  Decamps  &  Tabacchi  (1994)  describe  three 
altitudinal  belts  on  the  Rhone.  Garonne  and  Ardour 
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floodplains:  a  lower  belt  of  pioneer  communities  on 
recently  deposited  alluvium:  an  intermediate  belt  of 
softwood  communities  on  areas  flooded  during  high 
flows;  and  an  upper  belt  of  hardwoods  on  more  elevated 
areas.  These  three  zones  represent  the  varying 
altitudinal  influence  of  the  flood  disturbance  regime 
on  the  riparian  communities.  Similar  patterns  and 
processes  have  also  been  recognized  on  forested 
floodplains  in  tropical  latitudes  (e.g.  Parodi  Sc  Freitas, 
1990);  within  the  shrub  communities  of  high  latitude 
floodplains  (e.g.  van  Hees.  1990);  and  within  alluvial 
scrub  environments  in  hot  arid  zones  (e.g.  Hanes, 
Friesen  &  Keane.  1989).  where  the  joint  influence  of 
groundwater  hydrology  and  flash-flooding  provides 
particularly  strong  hydrological  and  hydraulic 
gradients. 

CHANNEL  PLANFORM  CHANGE 

In  addition  to  the  broad  zonation  in  floodplain 
vegetation  in  response  to  flood  disturbance,  local 
variations  in  fluvial  geomorphological  processes  lead 
to  the  development  of  a  mosaic  of  disturbance  patches 
at  a  finer  spatial  scale,  which  are  often  associated  with 
characteristic  vegetation  species  and  communities. 

Patterns  within  the  vegetation  mosaic  can  help  to 
identify  the  mode  of  formation  of  sections  of  floodplain, 
differentiating  for  example,  between  floodplains  built 
predominantly  by  lateral  river  migration,  by 
occupation  and  abandonment  of  more  randomly 
distributed  channel  locations,  or  by  vertical  accretion. 

The  level  of  interaction  between  floodplain  forests 
and  river  systems  depends  to  a  large  extent  upon  the 
size  of  trees  in  comparison  with  the  size  of  the  main 
threads  of  the  river  system.  For  example,  on  very  large 
river  systems  the  trees  have  little  direct  impact  on 
fluvial  processes,  but  the  pattern  in  the  riparian  forest 
may  reflect  the  range  of  physical  conditions  left  by  past 
fluvial  processes.  Thus.  Page  &  Nanson  (1982)  illustrate 
differences  in  forest  texture  induced  by  lateral  migration 
of  the  Fort  Nelson  River,  British  Columbia,  and  the 
building  of  a  scrolled  floodplain.  Similarly,  Lamotte 
( 1 990)  identifies  typical  vegetation  successions  on  ridges 
and  in  swales  within  the  floodplains  of  a  part  of 
Peruvian  Amazonia.  The  resultant  pattern  in  the  forest 
cover  reflects  the  sequence  of  scroll  bars  left  by  the 
migration  of  the  river  in  developing  its  scrolled 
floodplain.  Where  channel  migration  occurs,  the 
development  of  marginal  bars  exposes  fresh  areas  for 
vegetation  colonization.  Vegetation  succession  on  these 


new  landforms  can  help  to  reveal  the  age  of  particular 
features  and  their  past  and  present  environmental 
characteristics.  For  example,  Everitt  (1968)  used  the 
age  of  cottonwood  trees  to  reconstruct  the  history  of 
channel  migration  on  a  section  of  the  floodplain  of  the 
Little  Missouri  River;  Bellah  &  Hulbert  (1974)  used 
the  composition  of  vegetation  on  the  Republican  River 
floodplain  as  an  index  of  the  age  of  geomorphic 
features;  and  McBride  &  Strahan  (1984)  described 
the  interaction  between  vegetation  colonization  and 
succession  in  the  development  and  stabilization  of  point 
bars  along  Dry  Creek,  California. 

Hickin  (1984)  emphasized  that  although  vegetation 
may  have  little  influence  on  where  bars  develop,  it  may 
have  a  significant  influence  on  their  growth  through  a 
filtering  and  sheltering  action  on  deposited  sediment. 
Stretches  of  Ozark  streams  with  drainage  areas  greater 
than  100-200  km:  (McKenney,  Jacobson  & 
Wertheimer,  1995)  have  been  found  to  represent  a 
transition  environment  where  vegetation  can  have  a 
direct  impact  on  channel  planform  change  in  specific 
circumstances.  McKenny  et  al.  (1995)  differentiate 
between  low-gradient  (low  energy)  and  high-gradient 
(high  energy)  river  stretches.  The  former  are 
characterized  by  unidirectional  channel  migration  and 
bar  deposition,  where  the  bars  exhibit  prominent  bands 
of  woody  vegetation  which  provide  depositional  sites 
during  bedload-transporting  events.  The  latter  stretches 
are  dominated  by  channel  avulsion,  where  woody 
vegetation  has  a  more  direct  impact  on  channel 
planform  change  by  creating  areas  of  erosional 
resistance  that  become  temporary  islands. 

On  braided  and  anastomosing  rivers,  channel 
planform  change  often  results  from  channel 
abandonment  (e.g.  Brown,  this  issue).  The  mode  and 
rate  of  abandonment  impacts  on  local  hydrological 
conditions  and  on  the  calibre  and  rate  of  sedimentation 
in  the  abandoned  sections.  The  pattern  of  vegetation 
on  such  floodplains  can  be  indicative  of  the  sequence 
and  the  nature  of  channel  development  and 
abandonment  (Kalliola  Sc  Puhakka,  1988;  Petts  et  al.. 
1992). 

BANK  MORPHOLOGY 

At  a  local  scale,  woody  riparian  vegetation  has  a  direct 
impact  on  river  bank  stability  through  its  influence  on 
marginal  flow  velocities  and  sedimentation,  through 
the  impact  of  roots  on  bank  sediment  tensile  strength, 
and  through  improved  bank  drainage  via  root-induced 
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macropores  (Thorne,  1990).  A  mode!  of  bank  recovery 
after  channelization  in  Tennessee  rivers  (Simon  & 
Hupp.  1987;  Hupp.  1992)  is  associated  with  distinctive 
woody  vegetation  establishment  patterns  which 
illustrates  that  the  composition  of  vegetation  on  river 
banks  may  be  indicative  of  their  stability  and  stage  of 
evolution.  After  initial  severe  mass  movement,  pioneer 
species  including  black  willow  (Sa/ix  nigra),  river  birch 
(Bemlu  nigra),  boxelder  (Acer  negumio),  silver  maple 
(Acer  saccharimutt),  and  cottonwood  (Populus 
def (aides).  establish  low  on  the  banks  in  the  middle 
stages  ol  bank  recovery.  This  establishment  leads  to 
an  interaction  between  vegetation  growth  and 
deposition  ot  sediments,  resulting  in  a  reduction  of  the 
bank  slope.  A  second  group  ol  more  ‘stable  site*  species 
e.g.  iron  wood  (Carp  inns  caroliniana),  green  ash 
( Fr  ax  in  as  pennsylvamca ),  sweet  gum  (Liquidambar 
styracifiua),  American  elm  (Ulmus  americuna),  bald 
cypress  (Taxodium  distichum),  and  tupelo  gum  (Nvssct 
aquatica),  then  establish.  Alter  bank  recoverv  is 
complete,  a  final  suite  ol  bottomland  oaks  establishes. 

Other  properties  of  bank  vegetation  can  indicate 
the  significance  of  geomorphological  processes.  For 
example,  Gregory  (1992)  describes  the  way  in  which 
tree  root  exposure,  the  position  of  trees  on  river  banks 
and  the  presence  of  bent  trunks  can  be  used  to  identify 
eroding  banks.  In  contrast,  Nolan  &  Janda  (1979) 
illustrate  how  channel  aggradation  and  an  associated 
rise  in  the  bank  water  table  may  be  reflected  in  the 
vigour  of  riparian  trees. 


WOODY  DEBRIS 

A  particular  characteristic  of  woodland  river  channels 
is  the  influence  of  large  woody  debris  (LWD)  (Maser 
Sc  Sedell,  1994;  Gumell,  Gregory  &  Pet ts.  1995).  It  is 
delivered  naturally  to  the  river  system  through  a  variety 
of  processes  (Keller  &  Swanson,  1979)  and  forms  a 
very  important  component  of  the  roughness  or  flow 
resistance  of  the  channel  system.  The  interaction 
between  input  and  output  processes  for  debris  and 
river  channels  of  different  size  leads  to  characteristic 
distributions  of  large  wood  in  undisturbed  river 
systems.  LWD  directly  impinges  upon  the  dissipation 
of  stream  energy,  leading  to  influences  on  the  hydrology 
(MacDonald,  Keller  &  Tally,  1982)  and  hydraulics 
(Ehrman  &  Lamberti,  1992)  of  in-channel  flows  and 
the  distribution  of  overbank  flows  (Hickin,  1984),  and 
thus  on  the  transport  and  storage  of  sediments  and 
organic  material  within  the  river  channel  system  and 


on  the  floodplain  (Keller  &  Swanson,  1979-  Keller  & 
Tally,  1979;  Lisle.  1981;  Hedin,  Mayer  &  Likens,  1988) 
Comparative  studies  between  streams  where  debris  has 
been  retained  or  removed  suggests  that  sediment  yield 
can  increase  by  an  order  of  magnitude  when  LWD  is 
cleared,  indicating  the  important  sediment  storane 
effect  of  the  wood.  b 

Influences  on  flow  hydraulics  and  sediment  storage 
and  transport  lead  to  secondary  impacts  on  the 
geomorphology  of  woodland  river  channels  including: 
the  average  condition  and  variance  in  channel 
dimensions  (Keller  &  Swanson,  1979;  Hoean  1986* 
Nakamura  &  Swanson.  1993);  the  magnitude  and 
distribution  of  pools  and  riffles  (Bisson  et  ai.,  1982 
1987;  Andrus,  Long  &  Froehlieh,  1988;  Robison  & 
Beschta,  1990);  and  the  overall  stability  and  pattern  of 
river  channels  (Bilby.  1984;  Heede,  1985).  Channel 
pattern  is  controlled  by:  bank  stabilization  by  tree 
roots  and  marginal  debris  leading  to  a  reduced  ability 
for  the  channel  to  migrate:  by  the  reduced  sediment 
transport  giving  the  flow  enhanced  erosive  power:  and, 
in  low  to  medium  order  channels,  by  locally  enhanced 
overbank  flows  at  woody  debris  dam  sites,  resulting  in 
the  cutting  of  new  channels  and  the  abandonment  of 
old  ones. 


CONCLUSIONS 

The  dependent  relationship  between  floodplain 
vegetation  and  hydrological  and  fluvial  processes  is 
well  illustrated  by  a  study  of  the  River  Ain,  France, 
where  anthropogenic  influences  have  induced  channel 
planform  change  from  a  braided  to  a  single  thread 
channel  pattern  (Marston  et  al„  1995).  Shortening  of 
the  river  course  and  the  construction  of  embankments 
has  resulted  in  channel  entrenchment,  reduced 
floodplain  disturbance  and  a  lowering  of  floodplain 
water  tables.  The  result  is  that  pioneer  and  disturbance- 
dependent  landscapes  have  reduced  in  area,  being 
replaced  by  more  homogeneous  alluvial  forest.  The 
interaction  between  river  and  floodplain  has  been 
significantly  reduced  leading  to  a  reduction  in 
floodplain  landscape  diversity.  Similar  isolation  of  river 
from  floodplain  has  been  attributed  simply  to  continued 
and  thorough  clearance  of  woody  debris  from  the 
Willamette  River,  Oregon  (Sedell  &  Froggatt.  1984). 
Petts  et  ai.  (1989)  show  how  a  variety  of  engineering 
works  over  the  last  200  years  have  induced  changes 
similar  to  those  described  above  on  large  rivers 
throughout  the  mid-latitudes.  Petts  (1990)  reviews  the 
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environmental  consequences  of  such  changes  and  notes 
the  largely  cosmetic’  conservation  measures  of  the 
1980s.  ‘Major  objections  to  restoring  riparian  and 
floodplain  woods  relate  to  the  possible  negative  impacts 
on  flood  control  and  to  the  uncertain  hydrological  and 
hydraulic  consequences  of  alternatives  to  traditional 
channel  designs*  (Petts,  1990,  p.  28).  However,  such 
‘negative’  impacts  on  flood  control  can  be  interpreted 
to  be  positive  if  floodplain  storage  is  seen  as  an  integral 
component  of  designs  for  flood  alleviation.  This  paper 
has  shown  that  research  is  revealing  the  hydrological 
and  hydraulic  consequences  of  afforesting  floodplains 
and  is  providing  a  basis  for  developing  alternative 
channel  designs  which  permit  enhanced  connectivity 
between  river  and  floodplain.  Furthermore,  it  has 
illustrated  that  if  floodplain  forests  are  to  be  retained 
or  recreated  (e.g.  Peterken  &  Hughes,  1995),  a 
hydrogeomorphologically  active  channel  and 
floodplain  environment  is  essential. 
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Coarse  Woody  Debris  in  Riparian  Zones 


In  managing  coarse  woody  debris,  foresters, 
fishery  biologists,  wildlife  managers,  geomor- 
phob^ists,recreationspedarists,and  policy 
personnel  hare  many .  opportunities  Incoor¬ 
dinate  watershed  plann^ 

Ice  natural  patterns  and=processes,and  hn- 
proresodoecologkal  systems.Past  (and  even 
present)  management  of  riparian  debris  has 
been  inconsistent  But  a  growing  body  of  bio¬ 
physical  evidence,  coupled  with  growing  ac¬ 
ceptance  of  ecosystem  management  on  pub* 
Ec  lands, gives  hope  that  together  we  can 
sustain  this  vital  component  of  ecosystem 
integrity. 

By  Don  C.  Bragg  and 
Jeffrey  L  Kershner 


Interdisciplinary  cooperation  is  nec-  have  affected  most  of  the  riparian 
cssary  to  ensure  long-term  sustain-  zones  in  North  America. 

ability  of  our  nations  forests  and  re-  .  ■ 

store  the  processes  and  foncrions  asso-  Physical  and  Biological  Functions 
dated  with  healthy  ecosystems.  Past  Riparian  zones  represent  important 
models  of  forest  management  were  ecotones  in  forested  landscapes.  They 
often  driven  by  narrow  resource  objec-  provide  such  critical  ecosystem  firnc- 
rives  and  did  not  consider  the  variety  dons  as  wildlife  nesting  and  tearing 
of  natural  ecosystems.  We  believe  that  sites,  habitat  for  rare  plants,  mediation 
large-scale  efforts,  such  as  the  North-  of  stream  temperatures,  and  the 
west  Forest  Plan  (FEMAT  1993)  and  growth  of  trees  with  subsequent  pro¬ 
watershed  analysis  (Kershner  1997),  duction  of  large  dead  wood  (also  called 
provide  new  opportunities  for  cooper-  coarse  woody  debris,  frequently  abbre- 
ation  among  natural  resource  profes-  viated  CWD).  This  debris  includes 
sionals.  Prospects  for  interaction  are  whole  dead  trees  with  attached  root 
considerable,  since  changes  in  forests  wads,  sections  of  die  bole,  and  large 


Professkmak  of  many  disciplines  should  consider  ripar¬ 
ian  debris  in  multiple  spatial  and  temporal  contexts  to 
integrate biophysical  necessities  with  socioeconomic 
realities.  Right;  Human  influences  on  riparian  zones 
have  long  shaped  stream  characteristics.  Even  treat¬ 
ments  done  early  tNs  century  (like  removing  woody 
debris  and  other  obstructions  to  float  railroad  ties) 
have  environmental  legacies  lasting  to  this  day. 
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Opportunity  for  Interdisciplinary  Interaction 


branches.  Interpretations  of  debris 
have  varied  by  forest  type,  site  poten¬ 
tial,  and  geographic  location,  but  its 
significance  has  become  dearer  in  re¬ 
cent  decades  (Hannon  et  al.  1986;  Bis¬ 
son  et  aL  1987). 

Studies  have  assodated  coarse 
woody  debris  with  the  quality  and 
productivity  of  riparian  habitat  (Har¬ 
mon  et  al.  1986;  Murphy  et  al  1986; 
Hartman  et  al.  1987;  Maser  and 
Sedell  1994),  with  stream  geomor¬ 
phology  and  channel  stability  (Swan¬ 
son  et  al.  1982;  Hannon  et  aL  1986; 
Bisson  et  al  1987),  with  biogeochem¬ 
ical  dynamics  (Vannote  et  al.  1980; 
Bisson  et  al.  1987),  and  as  an  indica¬ 
tor  of  intact  old-growth  forests  (Sedell 
et  al.  198S1.  The  primary  source  of 
woody  debris  in  streams  and  lakes  is 
the  adjacent  riparian  zone  (Harmon 
et  al  1986;  McDade  et  al.  1990;  Gre¬ 
gory  et  al.  1991).  Debris  may  also 
originate  in  upslope  forests  and  move 
to  streams  via  landslides,  debris  tor¬ 
rents,  and  avalanches  (Harmbri  .et  al. 


1986;  Bisson  et  al.  1987). 

The  effects  of  debris  on  riparian 
structure  change  with  stream  size. 
Along  small  streams,  downed  trees 
may  span  the  entire  channel,  causing 
debris  to  accumulate  in  jams  that  can 
partially  or  completely  block  the  flow. 
This  blbckage  may  divert  the  path  of 
the  stream,  resulting  in  localized  flood¬ 
ing,  erosion,  tree  mortality,  and  new 
habitat.  In  addition  to  direedy  con¬ 
tributing  structure,  natural  obstacles 
also  capture  other  pieces  of  debris 
moving  downstream,  building  large 
aggregations  (Harmon  et  aL  1986). 
Debris  jams  retain  sediment  and  then 
release  this  material  more  slowly  dur¬ 
ing  stormflows  (Gregory  et  al.  199 1). 
Streams  also  move  debris  into  various 
positions  within  the  channel  and  may 


scour  or 


on  the  configuration  of  the  debris  and 
the  flow  patterns  around  the  obstruc¬ 
tion.  This  scour-and-fill  cycle  creates  a 
complex  array  of  features,  including 
extensive  pools  and  riffles  within  the 


active  channel  (Gregory  et  al.  1991; 
Maser  and  Sedell  1994).  Smaller  head¬ 
water  streams  may  be  important 
sources  of  debris  for  larger  streams, 
which  may  develop  considerable  accu¬ 
mulations  of  debris  in  the  floodplain. 
When  high  flows  inundate  die  flood- 
plain,  debris  jams  normally  outside  the 
active  channel  provide  important  refu- 
gia  for  many  organisms.  > 

Before  die  1970s,  many  believed 
that  riparian  debris  should  be  removed 
to  facilitate  fish  migration  and  limit 
flood  hazards.  This  attitude  predomi¬ 
nated  in  the  northwestern  United 
States,  though  debris  extraction  was 
also  widely  practiced  throughout  the 
rest  of  the  country  (Sedell  and 
Luchcssa  1982).  During  the  late  1960s 
and  early  1970s,  biologists  began  reex¬ 
amining  the  role  of  woody  debris  in 
streams.  Riparian  debris  is  important 
to  juvenile  salmon,  stedhead,  trout, 
and  other  species  in  western  North 
America  (Bisson  et  al.  1987;  Hartman 
et  aL  1987;  Young  etaL  1994)  because 
it  creates  slow-velocity  resting  areas 
and  important  hiding  cover  (Anger- 
meier  and  Karr  1984). 

Coarse  woody  debris  is  also  a  signif¬ 
icant  habitat  In  warm-water  streams  in 
the  central  and  southern  United  States 
and  tropical  regions  (Angermeier  and 
Karr  1984;  Wallace  and  Bcnke  1984). 
Cranes,  herons,  kingfishers,  dippers, 
otters,  mink,  snakes,  and  salamanders 
are  among  the  animals  that  use  stream- 
and  lake-associated  debris  for  hunting 
and  resting.  Downed  debris  serves  as 
an  important  substrate  for  a  host  of  ri- 
•  parian  species,  such  as  lichens,  mosses, 
fungi,  ferns  and  fern  allies,  devils  dub, 
_  spruces,  hemlocks,  and  cedars.  Dc- 
|  composed  or  fragmented  debris  con- 
|  tributes  to  aquatic  coarse-particuiate 
1 1  organic  matter,  which  in  turn  supports 
jg  bacteria,  fungi,  and  invertebrates  (and 
IS  correspondingly  higher  trophic  levels). 
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The  nutrients  released  from  woody  de¬ 
bris  then  become  available  to  associ¬ 
ated  environments  (Vannote  et  al. 
1980;  Gregory  etal  1991).  Debris  ful¬ 
fills  similar  biophysical  roles  in  pond, 
lake,  and  estuarine  systems. 

The  Impact  of  Forestry 

Perhaps  no  other  anthropogenic 
factor  has  had  greater  long-term  influ¬ 
ence  on  the  recruitment  and  retention 
of  riparian  debris  than  timber  harvest-  . 
mg  and  transports  Loggers  have  used 
streams  across  North  America  to  float 
harvested  timber  to  sawmills.  The  im¬ 
ages  sue  romantic,  but  running  rafts  of 
logs  down  cascading  water  resulted  in 
significant  damage  to  those  stream  sys¬ 
tems.  Obstructions  caused  large,  dan¬ 
gerous  jams,  and  so  rocks,  stumps,  and 
downed  logs  were  removed  before  the 
drives.  Although  it  reduced  the  likeli¬ 
hood  of  logjams  and  thus  minimized 
the  risks  to  the  lumberjacks,  this  prac¬ 
tice  had  unanticipated  long-term  con¬ 
sequences  on  channel  complexity.  For 
example,  some  stream  systems  in  the 
western  United  States  have  yet  to  re¬ 
rover  historic  levels  of  coarse  woody 
debris  decades  after  clearing  for  rail¬ 
road-tie  drives  (Young  et  at  1994;  Kcr- 
shner  1997)* 

In  many  areas,  riparian  debris  was  a 
resource  to  be  exploited.  Especially  in 
die  Pacific  Northwest,  large,  slowly  de¬ 
caying  logs  were  taken  from  stream 
channels  and  milled  into  lumber  or 
dried  and  burned  as  fuel  (Maser  and 
Scdell  1994).  A  relatively  new  concern 
in  riparian  zones  is  salvaging  of  fire¬ 
wood,  with  people  stripping  some 
areas  of  debris  almost  as  quickly  as  it 
forms.  These  areas  are  favored  targets 
because  they  are  usually  easily  accessi¬ 
ble  and  often  act  as  collection  points 
for  woody  debris.  It  is  not  yet  a  wide¬ 
spread  problem,  but  a  number  of  wa¬ 
tersheds  are  suffering  from  depleted 
wood-based  habitats  because  of  this 
practice.  Stream  channels  have  also 
f^hriedasrepositoriesforloggingslash, 
although  the  instability  caused  by  this 
action  was  recognized  early  and  dis¬ 
couraged  by  Froehlich  (1973).  The  re¬ 
moval  of  riparian  slash  has  led  to  prob¬ 
lems,  however.  Since  it  could  be  diffi¬ 
cult  and  rime-consuming  to  disrin-? 
guish  logging  slash  from  natural  debris. 


many  loggers  simply  removed  all  dead 
wood  within  the  channel,  destroying 
natural  accumulations  of  debris 
(Froehlich  1973;  Murphy  et  al  198 6). 

Perhaps  the  most  pervasive  influ¬ 
ence  of  forestry  practices  on  riparian 
debris  operates  on  a  larger  spatiotem- 
poral  scale  and  is  much  less  obvious. 
The  conversion  of  millions  of  acres  of 
decaying  old-growth  forest  into  rela- 
tively  vigorous,  second-growth  stands 
has  greariy  reduced  the  recruitment  or 
large!  dead  trees  and  replaced  them 
with  smaller,  less  substantial  pieces  of 
debris  (McDade  et  al  1990;  Kershner 
1997).  Extensive  forest  management 
has  also  altered  natural  disturbance 
regimes.  Although  some  events  (sn?h 
as  landslides  and  introduced  path¬ 
ogens;  nave  increased  in  frequency 
since  we  began  manipulating  our 
forests,  others  have  been  notably  sup¬ 
pressed*  Forest  fires,  for  example,  peri¬ 
odically  affected  extensive  areas 
(Romme  1982),  providing  for  episodic 
delivery  of  riparian  debris  and  consid¬ 
erable  variability  in  recruitment  pat¬ 
terns  (Bragg  1997;  also  see  Rieman 
and  Clayton  1997).  Controlling  nat¬ 
ural  catastrophes  may  reduce  die  in¬ 
herent  variation  of  affected  systems, 


and  some  suggest  this  could  lead  to  de¬ 
creased  ecosystem  stability  (Holling 
and  Meffe  1996). 

Fortunately,  we  can  now  anticipate 
the  effects  of  forest  management  on  ri¬ 
parian  debris.  Several  simulation  mod¬ 
els  (Rainville  et  al  1985;  Murphy  and 
Koski  1989;  McDade  et  al.  1990;  Van 
Sickle  and  Gregory  1990;  Bragg  and 
Kershner  1997)  have  predicted  the  be¬ 
havior  of  riparian  debris  under  undis¬ 
turbed  conditions  and  in  response  to 
management  practices.  More  challeng¬ 
ing  (but  not  impossible)  will  be  assess¬ 
ing  changes  to  natural  disturbance 
regimes  and  the  effects  of  these  differ¬ 
ences  on  the  long-term  and  large-scale 
pattern  and  process  of  riparian  debris 
(Froehlich  1973;  Murphy  and  Koski 
1989,  Bragg  1997). 

Evolution  of  Management 

As  we  team  more  about  the  role  of 
coarse  woody  debris  in  riparian  systems, 
our  approach  toward  its  management 
also  evolves.  In  most  areas,  riparian  de¬ 
bris  is  no  longer  considered  an  obstacle 
to  be  removed  or  an  untapped  fiber  re¬ 
source;  it  is  a  critical  element  in  ecosys¬ 
tem  functionality.  We  have  yet  to  de¬ 
velop  a  consistent  management  strategy 


Figure  I.  Possible  patterns  for  riparian  management  areastlwtincorpora^ 
timber  production  and  nonforestry  interests.Zones  of  different  harvest  intensrty 
(including  a  no-entrance  region)  could  be  used  (left), A  more  patchy  distribution 
of  treatments  (right)  results  in  a  variety  of  different  successional  stages  along  the 
channei.The  former  b  probably  much  simpler  to  implement  bi  Hie  field,  but  the 
•  _ _ nattMiK  fa  cornerstone 


of  ecosystem  management). 
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.  rooted  in  good  science  and 
f  policy;  however.  Great  oppor¬ 
tunities  for  interdiscipUnaiy 
cooperation  lie  in  deciding 
how  much  debris  is  sufficient 
at  what  scale,  how  we  get 
there  from  here,  and  how  we 
maintain  this  level  once  we 
reach  it.  Participating  disci¬ 
plines  may  have  different  per¬ 
spectives  on  how  to  achieve 
these  goals,  but  Ac  goals  arc 
not  necessarily  mutually  ex¬ 
clusive.  Tor  example,  abun¬ 
dant  debris  contributes  to 


channel  stabili 


th  fish  habitat  and  sed¬ 


iment  retention  without  ad¬ 


ditional  effort  or 


Another  challenge  for  man- 


ties  in  Ac  uniqueness  of 
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ve.  This  makes  it  difficult  to  de- 


^  Riparian  forest  buffer  strips  were 
■Ae  first  (and  probably  Ae  simplest) 
way  to  address  debris  dynamics.  How¬ 
ever,  wide  buffers  reduce  Ae  amount 
of  forest  available  for  logging  (Bren 
1995),  and  narrow  strips  are  vulnerable 
to  accelerated  windthrow  and  may  not 
provide  oAer  desired  attributes,  such 
as  stream  shading  or  forest  interior  mi¬ 
croclimate.  Since  most  riparian  debris 
comes  from  trees  in  Ae  immediate 
vicinity  of  Ae  channel,  buffers  need  to 
be  only  50  to  200  feet  wide  under 
most  conditions  to  ensure  continuing 
debris  recruitment.  Buffer  zones  could 
also  be  less  extensive  for  small  or 
ephemeral  headwater  streams,  since 
materials  deposited  along  Aese  reaches 
rarely  move  downstream,  Aus  limiting 
Aeir  overall  contribution  to  d  A  A.  Al- 
Aough  this  strategy  may  satisfy  pro¬ 
duction-oriented  foresters,  fisheries  or 
wildlife  managers  may  balk  at  narrow 
reserve  areas  because  of  Ae  effects  on 
oAer  riparian  features. 

Streamsidc  cirabcx  management  af¬ 
fects  more  than  Just  debris  recruitment. 
|Change$  to  flow  patterns,  sedimenta-4 
tion,  biogeochemistiy,  and  microdimate 
often  Goindde  wiA  this  type  of  event. 
The  term  bitffcrsihso  implies  that  Aese 
zones  are  excluded  fiom  etimrig.  Delin¬ 


eating  such  regions  could  prove  ecologi¬ 
cally,  siMculturaliy,  and  administratively 
challenging  (fig.  1).  A  gradation  in  har¬ 
vest  intensity  along  relatively  broad  ri¬ 
parian  management  areas  should  ad¬ 
dress  most  concerns.  A  simplified  exam¬ 
ple  of  this  strategy  could  indude  a  50- 
to  lOO-fbot-wide  no-entrance  zone,  fol¬ 
lowed  by  additional  areas  of  increasing 
levels  of  harvest.  Ano  Aer  alternative 
would  involve  patches  of  intensive  har¬ 
vest  along  Ae  edge  of  Ae  channel,  to  in¬ 
troduce  some  environmental  variability 
to  Ae  riparian  zone,  wiA  oAer  reaches 
having  widcr-Aan-usual  undisturbed  or 
lighdy  harvested  areas.  Determining  Ae 
size,  shape,  and  spatial  configuration  of 
any  riparian  treatment  should  depend 
on  bo  A  Ae  local  environments  re- 


Historically,  riparian  debds  manage¬ 
ment  has  focused  on  the  small-scale 
effects  debris  has  on  active  stream 
channels,  as  either  an  obstruction  to 
commerce  or  a  provider  of  habitat. 

spouse  to  Ae  manipulation  and  Ae  de¬ 
sired  result.  To  avoid  disruptions  that 
may  take  years  to  rectify,  managers  need 
to  consider  overall  ecosystem  objectives 
before  trying  to  match  current  riparian 
zone  conditions  wiA  presumed  natural 
landscape  patterns. 

AlAough  difficult,  identification  of 
historic  debris  levels  would  help  resource 
managers  in  areas  from  forestry  to  fish¬ 
eries  co  geomorphology.  Perhaps  the  best 
way  to  interpret  historical  levels  is  over 
large  spatial  scales,  so  Aat  watersheds 


Actually  practicing,  ecosystem^ara^nie|i^can..bE  d!^raIt-  f^rnahV^e^^ 
workers  because,  of  the  challenge;of: 
tion.We  propose.  riparian  debr&as  a  venue  I06 
either  directly  or  indirectly  reflects  all 

tion-of  ecosystem  management  fEndter--WadajjefeatIi.^9^p33g^i^p^^^g 
“Ecosystem  management  ^  Jfoc^eslr^^bTo^^sy^t^&jiha&m^.^ 
cross  administrative  and  political  bou:  . ries,ln 
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ecological  communities,  .V.adapdve  rriar^g|ml^.:^^^^|^|^»e^;^^ 
volvement  and  collaboration  in  implementing 
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Debris  becomes  a  link  be¬ 
tween  terrestrial  and  riparian 
ecosystems.  What  affects  one 
system  can  affect  another. 


value  because  it  provides  the 


contributes  the  most  to 
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(rather  than  specific  reaches)  define  the 
range  of  debris  variation.  Inevitably, 
some  areas  are  more  conducive  to  debris 
recruitment  or  retention  than  others,  so 
it  is  within  these  areas  that  intensive  de¬ 
bris  management  should  occur.  This 
would  benefit  forestry  interests  by  iden¬ 
tifying  areas  that  are  more  (or  Jess)  sensi¬ 
tive  tci  riparian  forest  harvest  In  deter¬ 
mining  whidi  reaches  will  be  most  fe- 
vqrable  for  long-term  (or  large-scale)  de¬ 
bris  recruiunent,  fishery  experts  could 
emphasize  those  locations  for  habitat. 
Geomorphologists  and  hydrologists 
may  approach  watersheds  from  histori¬ 
cal  sediment  and  water-storage  perspec¬ 
tives  and  therefore  have  an  interest  in 
their  natural  ranges  of  variation,  which 
riparian  debris  strongly  influences. 

Social  scientists  could  help  interpret 
the  biophysical  importance  of  coaise 
woody  debris  to  encourage  apprecia¬ 
tion  For  its  function  while  alienating 
neither  the  public  nor  resource  man¬ 
agers.  This  requires  the  fruitful  inclu¬ 
sion  of  sodoeconomic  concerns  early  in 
ecosystem  management  planning  and 
implementation,  rather  than  as  an  af¬ 
terthought  (Endter-Wada  et  al.  1998)* 
For  example,  resource  managers,  espe¬ 
cially  fishery  biologists,  have  advocated 
more  extensive  protection  of  flood¬ 
plains  and  their  associated  manage¬ 


ment  areas.  A  growing  but  largely  un¬ 
recognized  threat  to  their  stability  is 
local  communities’  removal  of  dead 
trees  for  firewood.  Although  the  nega¬ 
tive  impacts  of  salvaging  debris  in  ri¬ 
parian  zones  may  be  obvious  to  the 
fishery  biologist,  efforts  to  convince  the 
public  of  this  problem  have  been  less 
successful  After  all,  in  somecascs;  gen¬ 
erations  have  collected  firewood  in  this 
manner,  and  it  never  seemed  harmful 
before.  Shifting  to  less  sensitive  upland 
regions  and  dispersing  collection  efforts 
should  limit  die  damage.  Changing 
peoples  attitudes  will  probably  require 
making  concerted  efforts  to  inform  res¬ 
idents  abourthe  pitfalls  of  removing 
firewood  from  riparian  zones.  Encour¬ 
aging  people  to  foel  part  of  the  solu¬ 
tion,  rather  than  the  victims  of  yet  an¬ 
other  regulatory  mandate,  could  help 
resolve  this  and  other  conflicts  between 
citizens  and  resource  agencies. 

Forest  practices  can  also  assist  in 
restoring  streams  that  have  not  yet  re¬ 
covered  from  channel  debris  cleaning 
in  the  past  (Young  et  al.  1994;  Kersh- 
ner  1997).  The  addition  of  large  debris 
would  benefit  stream  habitat  quality, 
but  in  many  instances  the  adjacent  ri-^ 


parian  forests  have  not  matured  sutti- 
cienriy  to  consistently  contribute  large 
dead  trees.  Large  debris  is  of  particular 


ies  (Hannon  et 
al.  1986;  Bifoy  and  Ward 
1991).  In  such  areas,  die 
benefits  of  supplementing 
natural  debris  by  felling  oth¬ 
erwise  healthy  trees  into  die 
channel  may  be  consider¬ 
able.  Once  again,  resource 
professionals  need  to  make  a 
cooperative  effort  to  explain 
to  concerned  dozens  why 
big  trees  are  being  killed  next 
V  to  their  favorite  trout  stream. 
Simply  listing  the  benefits  of 
this  strategy  may  prove  inad¬ 
equate,  however;  Development  of 
demonstration  rites  and  involvement  of 
local  resource  users  (fishing  or  hunting 
dubs,  birdwatchers.  Scouts,  environ¬ 
mental  groups)  at  the  early  stages 
should  help  minimize  conflicts. 

Professionals  of  many  disdplines 
should  consult  to  evaluate  the  manage¬ 
ment  approach  best  suited  to  a  partic¬ 
ular  stream.  From  a  policy  standpoint, 
maintaining  riparian  debris  and  ensur¬ 
ing  its  continued  recruitment  con¬ 
tribute  to  multiple  use  in  this  biota-, 
structure-,  and  process-rich  environ¬ 
ment.  A  geomoxphologist  may  caution 
against  harvesting  along  streams  with 
unstable,  steep,  or  vulnerable  slopes 
that  could  fail  after  harvest,  or  predict 
that  changes  to  drainage  patterns  will 
increase  the  likelihood  of  channel- 
scouring  debris  flows  or  downstream 
floods.  A  fishery  biologist  may  seek  to 
improve  overall  stream  productivity  by 
opening  stretches  of  canopy  in  regions 
with  limited  light,  thereby  increasing 
the  levels  of  periphyton  and,  theoreti¬ 
cally,  other  trophic  levels.  In  areas 
where  stream  insolation  is  not  an  issue, 
preserving  riparian  zone  temperature 
regimes  may  be  important,  thereby  fe¬ 
vering  retention  of  adjacent  forests. 
Quality  fish  habitat  almost  invariably 
draws  anglers,  so  from  a  recreation  spe- 
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cialists  perspective,  direct  benefits 
|  come  from  creating  habitat  features  by 
adding  debris.  Woody  debris  in 
streams  can  sdso  enhance  forest  aes¬ 
thetics  for  hikers,  birdwatchers,  and 
other  nonconsumptive  users. 

The  appeal  of  riparian  debris  may 
not  be  universal,  however.  Dead  wood 
may  prove  an  obstacle  to  boaters,  a 
source  of  snags  for  anglers,  and  a  physi¬ 
cal  impediment  to  hikers.  Some  may 
find  tangles  of  dead  trees  unsightly;  in 
other  cases  the  benefits  of  debris  (such 
as  improved  fish  habitat)  may  attract  so 
many  users  that  the  quality  of  die  expe¬ 
rience  declines.  As  resource  profession¬ 
als,  we  need  to  balance  our  social  pref¬ 
erences,  which  may  differ  widely  from 
person  to  person,  with  the  ecological  re¬ 
alities  required  for  robust  ecosystems. 

We  also  need  to  recognize  that  die 
socioeconomic  structures,  constraints, 
and  interests  we  serve  contribute  to  die 
successful  management  of  a  resource 
like  riparian  debris.  The  interchange  be¬ 
tween  managers  and  the  public  is  a  two- 
way  street.  As  with  any  other  manage¬ 
ment  issue,  we  cannot  effectively  sepa¬ 
rate  our  demands  on  riparian  resources 
from  ecological  and  political  realities. 
The  development  of  dear  objectives 
among  resource  managers  requires  co¬ 
operative  and  even  aggressive  efforts  to 
ensure  our  goals  are  accomplished. 

Interdisciplinary  Cooperation 

Gone  are  the  days  when  resource 
managers  operated  in  isolation.  In  re¬ 
cent  decades  we  have  recognized  the 
biophysical  links  between  many  natural 
systems.  Society  has  also  insisted  that  we 
retain  die  functionality  of  the  environ¬ 
ment,  especially  on  public  lands.  The 
shift  toward  an  ccosystcm-based  man¬ 
agement  model  necessitates  die  interac¬ 
tion  of  professionals  in  many  disciplines. 

Although  we  have  documented 
some  of  the  negative  impacts  of  poor 
debris  management,  we  have  also 
learned  much  from  past  practices. 
Now  we  can  anticipate  the  response  of 
watersheds  to  our  manipulations.  Ri- 
iparian  debris  affects  stream  structure 
fend  function,  fish  and  wildlife  habitat, 
recreation  opportunities,  and  other 
human  activities  while  responding 
strongly  to  forest  practices.  It  is  there¬ 
fore  inadvisable  to  consider  these  fac¬ 


tors  separately  when  managing  this  re- 
source.  Identifying  opportunities  for 
interdisdplinary  action  first,  rather 
than  mitigating  the  damage  after  the 
fact,  will  contribute  much  to  effective 
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6  Medium-Low-Gradient  Streams 
of  the  Gulf  Coastal  Plain 
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University,  Lake  Charles,  LA  70609 


PHYSICAL  ENVIRONMENT 
Geology 

The  geology  traversed  by  the  streams  covered  in  this  chapter  is  of  relatively 
recent  origin  (Thombury  1965).  Medium-low  gradient  streams  of  the  Gulf 
coastal  plain  primarily  flow  through  Tertiary  formations  identified  by  Thom¬ 
bury.  These  portions  of  the  Gulf  coastal  plain  were  largely  formed  during  the 
Oligocene.  Large  amounts  of  water,  now  locked  up  as  ice,  were  then  in  liquid 
form  (Vail  and  Hardenbol  1979),  and  oceans  intruded  almost  to  the  fall  line 
(a  demarcation  between  the  metamorphosed  geologic  regions  of  the  interior — 
the  present-day  Piedmont — and  sediments  deposited  by  Cretaceous  seas). 
When  the  Oligocene  oceans  retreated,  they  left  behind  the  relatively  flat 
expanses  of  clayey  and  sandy  soils  that  now  comprise  most  of  the  coastal 
plains.  Murray  (1961)  has  presented  a  compendium  of  coastal  plain  environ¬ 
ments  in  North  America.  Riggs  (1984)  discusses  post- Oligocene  sea-level 
changes  and  their  geological  effects.  Summaries  of  the  geology  of  the  region 
may  also  be  found  in  Swift  et  al.  (1986)  and  Conner  and  Suttkus  (1986). 
Other  than  clays  and  sands  deposited  during  the  Oligocene,  special  geological 
features  of  the  Gulf  coastal  plain  include  deposits  of  loess  in  western  Missis¬ 
sippi,  and  uplifted  coralline  beds  in  peninsular  Florida  and  in  portions  of  the 
Florida  panhandle  (Bernard  and  LeBlanc  1965). 

Subsequent  changes  in  sea  level  have  left  their  mark  (Vail  and  Hardenbol 
1979).  Evidence  of  Pleistocene  sea  level  changes  can  be  found  in  some  areas 
(Cooke  1939,  Flint  1957,  MacNeil  1949).  At  least  three  sets  of  Pleistocene 
terraces  in  Louisiana  mark  sea-level  changes  (Saucier  and  Fleetwood  1970). 

James  D.  Felley’s  present  address  is  the  Office  of  Information  Resource  Management,  Room 
2310  A&I  Building,  Smithsonian  Institution,  900  Jefferson  Dr.,  S.W.,  Washington,  DC  20560. 
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Beck  grouped  the  Florida  streams  covered  in  this  chapter  into  the  following  FIGURE  4.  Plot  of  principal  components  of  drainage  means  of  physical  and  chemical 

categories:  sand-bottomed  streams  (most  of  the  streams  considered  here),  variables.  The  x  axis  represents  principal  component  1  (relating  to  between-stream 

calcareous  streams  (Aucilla,  Peace,  Hillsborough),  and  larger  rivers  (Escambia  differences  in  temperature,  pH,  total  organic  carbon,  phosphate  and  hardness).  Prin- 

and  Choctawhatchee).  These  streams  are  most  easily  divisible  by  their  sizes  cipal  component  2  (y  axis)  identifies  drainage  differences  on  the  basis  of  drainage 

and  by  their  chemistries.  Bass  (1984)  used  Beck’s  (1965)  scheme  to  charac-  area  and  discharge. 


”  -  -  o  *3  -3  £  -s  5  s-s 

yyp5c«cdp2  .3  J3  - 

^“■§gss«°  = 

*"*  -  C  oj)  60  r 


Xi  JX  CO 

ill 


So:  .  , 

•g  is  I  g 

§  g-ll 

<w  2  w  w) 

75  ».  y 

C  u  {-?  u. 

J-)  <-»  cd  +£ 
C  —  y 


c  S  o  o  i  e  g  —  —  *  -3 
*^a  ^  5  , — .  ^  Xj  ^  ^  _c  Jr;  eo  o  u. 

w  h .  T3  _  3  ,  *2  >>-o  ^  I-  ?■  .53  ■*“'  *3  > 

_  ^  o  5/5  I  ”  fl  .H  „  .PH  1-1  •—  u_,  3  !> 

.£  ~  *-.  *-»  u<n  <*  p  u  os  y  cd  a.  o  cr  O 

•a?-  o  —  *«  £  ^5^-50  £  on  y  ^ 

J  5r-t  C  Cd  oJ12  ^  5  _  ^  3J  tO’C  - 

1  owc  «  ch  .  S'o  «  w-a 

1  Ud  rf  *  — 4  O  ^  h*  v  Ci  ^  ^ 


Cl  p 


w  P 


‘I  |  cd 

OC  — 

“8-S  =  SSo||gS|||c-|^ 

a  S  2  c  2  «  £  g  ^  £  g  «  P 

59  S  s  «~g  i|fi 

oa-Sg«g«aMHg  w 
43-0  E  o  ~  P  —  aC  e  B  g.S  o*S  v-t: 
-  c  y  o  c  c  —  r-  o  -S  ,2  o  !S  w  y 

S  /— ■ S  O  !>  .  H  w  yj  3  3  ^  ^  — 

’S^-s'o  'r'p  c  o  ^  £  E  ^ 

cd  £~  C  £  ’C  C  X5  C  3  '^L  2  *7  b  2  n  ^ 
0E}3c3a«m4)iS  w  o 

•vd  ^ ^  O  ^  52  ft5  O  ^  A  (0 

a)  <*-  o  £  ‘So  fe  .  o  _  t-  £  y  £ 

»P  cd  Q-  ^  2  .2  ^2  u  U  Hi  ca  c 

o'O-’oOfvfiuti^U  - 

*g^l-  ««=ss 


cd 


ed  <*-  ” 
C  « 
~  -  6 


ea 

s 

c 

a> 

uf 

i 

Cd 


>•.5  5  hwT3cT  E  p  y 

?  t  S  U  h  r  ^  . _ „  t8  *h  y 

«  to  r  2  E  O  u  e  u 

Cu^CijtOiU?i-h^ 
a  ro'Hts—  O  o  y  «  3  —  X  §  w  y  y 
S  o  £}  3  O  •.-»  .£<.,,  cd  y  _  4-S  on 

-  SsO  11  8-s.sl  2  S5  *3  I  |-S| 

•2  SU.  3*^  g  “g-0  •§  S  S  l^g  « 

fl5r^S,a^cac*j2S»PP^«^ 

1  §2|J~g| S^l  “  g  o  ^ 

;S^«  =  asfc 

.  ’3  O  o  *-  u-t  e  e 


5/1 


4-».PX'-*  fc-wuw 

Jg  g  j<  5  "  S  5  E  E 

°:So<2o«l3'» 
u  2)*  i  e  i  -  - 

y  rC 


l"  hH 

00  cd 

ON  CL)  , 


00  " 


c  o 


ou—  C 

ns 


C  —  u 

cd  a.  jo 


I  S 

g  I 


_  W  -s 

8  I  2  2  .§ 

24  g„'3 

-.-s«i.2c?> 
O  >^  P  y  .ti  <9 
0-^.2 


tS  "E 


1,8 


on 


C 

>.  2  y  .• p  2  wj 
y  £  .2  *5  *£  .a  . 
a,—  C  y  £  «j  ^ 

§£  g  s-  a  a  -e 


00  u  o 

?  ®  -S 

°  n  •g 

M-i  y  y 

o  >,  g 

w  W)  CB  £  % 

Yi  •o  y  p  c 
2«»E« 
g;  «  E  <s  t 

o^B  'p  <1  v 


fe  « 


§ 

a 

g 

w 


Up 

o 

c/> 

s 

< 

w 


w 

o 

s 

l 

s 

p 


Q  .S 


N 


tJL,  *2  —  ^ 

«d  <d 

«  -  *o 

■s 

3£s 


a 


z 

3 

2 

S 

o 

u 

£ 

3 

fiu 


sa  b  i 
3  o  o 

o  ts  -° 

»  5  a 

-  s  | 


« i 

S  E  % 

«  C  W 

is  cu  M 

05  y  o 

to  B  » 

O  o»-h  on  ^  _ 

g  °  y  g  O 


on  ~  y  c 

ST  5” 

Sb&o  I 

<M  .«d  Q 

111  I 

co  «  6 

S  O  .ts  — 

5  “  &  S 
00  y  o 

p  *2  w  e 

£  2  "  „ 

‘  X5 


S'g  o..S  ^  ssl 

'  '  sial  s  9 


y 

y  a 

-G 


o  o 

s-e.ss 

y  x — s  j*  to 

•H  S2  g  * 

O  B  .5  to  fc-  "  ,u 

c  ^  w  •  c  * 

cd  *a  -  H 


oft  i 

E  B  ^ 

<3  _  « 

y  .£  ps 
1  -  —  y 


cd 

a 


o  *0 


C  Li 
*7  «  o 


O  ^  w 


C-g^ 

si.| 

111 
■?  O  •- 

u  8  a 

c  •-  •£ 


E 

t3  «  -C  P 

g  £  o  § 

c  c  y 

m  c  o  is 

3  cd  to  . 

1-1  y  o  g, 

u  h  2  «  o 

--  _,  «s  00 
•C  ~  ON 

c 


«S 

§ 

£ 


o> 

£ 

-o 


3  2  “ 

£  to  p 

z  §*y 

0  S  0 

c  .S  on 

y  ^  £ 

b  —  <d 
3  cd  y 

us  *y  i3 
*5  y  to 

C  rv 

is  8 

c  .s'- 
y  j5  *2 
£?“-^ 
y  *p  y 
p  B 

laa 

3  0  JZ 


co  wot: 


iS  L  p 

•  •§  s  .=  . 

Q  s>2-£  « 

T1  S  *5 

O  O  O  c  y 
—  o  o  t? 
y  y  ~  O 

4/1  "£  o  £ 
y  Cd  o  3  £ 
y  «*-  T3  p5® 
wo  b  o  > 

^§•2  s-r 

1  s  "8  &  a 

2  3  c  2  ffl 

«*a§£- 
«  o  §  •«  G 
y  o  ^ 

1|«  i  1 

g  1 1  s  g 

■o  a?  m’O 


y  cd  *o  y  *p 

“  ^  'S  o  ?  c 
o  .S  <8  *M  s  a 

•0  c 1  ^  «  _ 

a|8°ar. 

X  y  Cd  £ 
a.  s  &  y  JS  o 
52  y  a  *0 

E  Z  §  t  S 
oB  o  Sf>  o-pB 
«<«> 
w  O  C, 


cd 

y 

3  £ 


-4 

O  .52 

-  ^ 
oft 

£  g 
2  c 
.2  £J 

B  cd 

ao  4~ 

.£  S 

to  ^ 
£  ■« 
y  £ 


jd 

*y  y 
»-•  n. 


3  .E 


|  *o  B 


m  D 
00  *a 
On  C 


:*o  p 


H  “  A  §>  O  c 

g  -a  o.^  S  s-  i 

p2  5s  w  00  .3  3  O 

a  £  ^  «  3  ^  « 


W  >H  Hi  OO  .2 

73  CX  .35  PS  *0  C  73 

«  5  >  3  >  m-h 

>  y  p  o 


t30  3  O  <  QJ  ' 

u.  cd  -w  .so 

y  ^  a  2  2  b.  «> 

J  rt  fl  O0  4p* 

cd 

.  .«  §  E 
-  «1'S 

5  S  0.3 

j  .  h5  h  ‘bH  Cd 

^  ^  TJ  « 


I  a«3  *.  s 

IS  ‘ 


t«  w  w 
°  rt  = 

y  B  *  2 

c  *a  « 

P  §  3 


I  O  q  3  _ 

'"-.a?  o 


c  « 
cd  — . 


io„<oSo 

0  S$  sf-g  o  a  ^ 


C-J2  « 


«  t. 
>  cd 

■3  E 
3  -c 
CO  c 

*0  *3 

c  c 

cd  > 


3  p 

P  i 
o  8 


§  2 

II 

y  .£ 

Oft 

-O  C 

O  cd 


TABLE  3  Dominant  Macrophytes  (Submerged  and  Emergent)  and  Unicellular  Wants  In  Gulf  Coastal  Ptoin  Streams 

- -  "  “  Macrophytes  _ _ 


River  System 
Calcasieu1 


Submergent 

Najas  quadelupensis  (water  nymph) 
Ceratophyllum  demersum  (coontail) 
Cabomba  caroliniana  (cabomba) 
Vtricularia  vulgaris  (bladderwort) 


Blackwater2  Potamogeton  sp.  (pondweed) 

Vallisneria  americana  (eelgrass) 
Mayaca  fluviatilis  (bogmoss) 
Bacopa  monnieri  (water  hyssop) 
Vtricularia  vulgaris  (bladderwort) 


Black  Creek  (MS)3 

Yellow  River4  Vallisneria  sp.  (eelgrass) 


Emergent 

Taxodium  distichum  (baldcypress) 

Cladium  jamaicense  (sawgrass) 

Pontedoria  cordata  (pickerelweed) 
Alternanthera  philoxeroides  (alligatorweed) 
Brasenia  schreberi  (watershield) 

Nymphea  odorata  (white  water  lily) 
Cephalanthus  occidental is  (buttonbush) 
Eichornia  crassipes  (water  hyacinth) 

Sagittaria  sp.  (arrowhead) 

Cladium  jamaicense  (sawgrass) 
Rynchospora  sp.  (spike  rush) 

Orontium  aquaticum  (golden  club) 

Xyris  sp.  (yellow-eyed  grass) 

Pontedoria  cordata  (pickerelweed) 

Juncus  repens  (rush) 

Nuphar  ulvacea  (black  nuphar) 

Nymphea  sp.  (water  lily) 

Hypericum  fasciculatum  (St.  John’s  wort) 

Sparganium  americanum  (burr-reed) 

Typha  sp.  (cattail) 

Cladium  jamaicense  (sawgrass) 


Hilsborough,3- 


Peace7 


Small  Creek  in  MS8 


Small  Creek  in  MS8 


Various  LA  drainages9 


Vallisneria  neotropicalis  (eelgrass) 
Potamogeton  iUinoiensis  (pondweed) 
Egeria  densa  (waterweed) 

Hydrilla  verticillata  (hydrilla) 

Eichoria  crassipes  (water  hyacinth) 

Hydrochloa  carolinensis  (hydrochloa) 


Hypericum  americanum  (St.  John  s  wort) 
Orontium  sp.  (golden  club) 

Nuphar  ulvacea  (black  nuphar) 


Sagittaria  latifolia  (arrowhead) 
Unicellular  forms 


Achnanthes  minutissima  (diatom) 

Cymbella  turgida  (diatom) 

Epithemia  sorex  (diatom) 

Gomphonema  angustatum  (diatom) 
Navicula  cryptocephala  (diatom) 

N.  menisculus  (diatom) 

N.  minima  (diatom) 

Nitzschia  dissipata  (diatom) 

N.  palea  (diatom) 

Chlamydomonas  pertusa  (phytoflagellate) 
Euglena  proximo  (phytoflagellate) 
Trachelomonas  gibberosa  (phytoflagellate) 
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TABLE  5  ( Continued ) 


Species 


Stream  Order  -  Current  Cover,  Vegetation 

Low  High  None  Some  Much  Little 


N.  venustus  (blacktail  shiner) 

Pimephales  vigilax  (bullhead  minnow) 
Minytrema  melanops  (spotted  sucker) 
Moxostoma  poecilurum  (blacktail  redhorse) 
Fundulus  notatus  (blackstripe  topminnow) 
F.  olivaceus  (blackspotted  topminnow) 
Lepomis  megalotis  (longear  sunfish) 
Micropterus  punctulatus  (spotted  bass) 
Pomoxis  annularis  (white  crappie) 


+ 

+ 

+  + 

+ 

+ 

+ 

+  + 

+  + 

+ 


Forms  Found  in  Various  Coastal  Drainages  from  Florida  to  East  Louisiana 


Ericymba  buccata  (silverjaw  minnow) 

Notropis  hypselopterus  (sailfin  shiner)  + 

N.  longirostris  (longnose  shiner)  + 

N.  roseipinnis  (cherryfin  shiner)  + 

N.  signipinnis  (flagfin  shiner)  + 

N.  welaka  (bluenose  shiner) 

Erimyzon  tenuis  (sharpfin  chubsucker)  + 

Noturus  leptacanthus  (speckled  madtom)  + 

Fundulus  euryzonus  (broadstripe  topminnow)  + 

F.  notti  (starhead  topminnow)  + 

Ambloplites  ariommus  (shadow  bass)  + 

Ammocrypta  beani  (naked  sand  darter)  + 

A.  bifascia  (Florida  sand  darter)  + 

Etheostoma  davisoni  (Choctawhatchee  darter)  + 

E.  edwini  (brown  darter)  + 

Percina  nigrofasciata  (blackbanded  darter)  + 


+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


+ 

+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


+ 

+ 

+ 


+ 


+ 

+ 

+ 


Forms  Found  in  Western  Louisiana  and  in  Mississippi  River  Tributaries 


Hybognathus  nuchalis  (central  silvery  minnow) 
Notropis  fumeus  (ribbon  shiner) 

N.  sabinae  (Sabine  shiner) 

N.  umbratilis  (redfin  shiner) 

N.  volucellus  (mimic  shiner) 

Ammocrypta  vivax  (scaly  sand  darter) 
Etheostoma  chlorosomum  (bluntnose  darter) 
E.  gracile  (slough  darter) 

E.  histrio  (harlequin  darter) 

E.  proeliare  (cypress  darter) 

E.  swaini  (Gulf  darter) 

Percina  sciera  (dusky  darter) 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 


Forms  Found  Only  in  Florida  (Peninsula  and  Panhandle) 

Lepisosteus  platyrhincus  (Florida  gar)  t  +  + 

Fundulus  escambiae  (eastern  starhead  topminnow)  +  + 

F.  lineolatus  (lined  topminnow)  +  + 

Leptolucania  ommata  (pygmy  killifish)  +  + 

Acantharchus  pomotis  (mud  sunfish)  "**  , 

Elassoma  evergladei  (Everglades  pygmy  sunfish)  + 

£.  okefenokee  (Okefenokee  pygmy  sunfish)  +  +  + 

Enneacanthus  chaetodon  (blackbanded  sunfish)  + 

E.  gloriosus  (bluespotted  sunfish)  +  +  + 

E.  obesus  (banded  sunfish)  +  +  + 

Lepomis  auritus  (redbreast  sunfish)  +  + 

Micropterus  notius  (Suwannee  bass) _ _ _ _ _ _ _ _ _ — - : - 

r™  is*" 

;:r;:,=rr”“r  r;  sssssu,  ~  -  <>«. «»  - 

Ross  ct  al.  (1987). 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+  +  +  +  +  + 


+  +  +  + 


+  +  +  +  +  + 


+  +  +  +  +  + 


+  +  +  +  + 


+  +  +  +  + 
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CHAPTER  1 1 


Using  Benthic  Macroinvertebrate  Community 
Structure  for  Rapid,  Cost-Effective,  Water 
Quality  Monitoring:  Rapid  Bioassessment 


David  R.  Lenat,  NC  Division  Environmental  Management,  Water  Quality 
Section,  Raleigh,  NC 

Michael  T.  Barbour,  Tetra  Tech.  Inc.,  Owings  Mill,  MD 


INTRODUCTION 

The  scientific  literature  relating  to  water  pollution  biology  frequently 
describes  very  time-consuming  and  labor-intensive,  surveys.  Such 
surveys,  however,  may  not  represent  the  most  typical  kind  of  biological 
monitoring  effort.  Most  state  agencies  are  responsible  for  water  quality 
monitoring  on  thousands  of  streams;  this  situation  is  also  typical  of  many 
areas  outside  the  United  States.  To  expend  large  amounts  of  time  and 
money  on  a  single  stream  is  equivalent  to  ignoring  water  quality  problems 
in  many  other  streams. 

The  development  of  more  cost-effective  biological  monitoring 
strategies  has  come  to  be  known  as  "Rapid  Bioassessment".  The  term 
"Community  Assessment  Approach"  has  also  been  used  in  this  context 
because  of  a  focus  on  the  evaluation  of  community  structure  and  function. 
The  emphasis  in  such  monitoring  is  on  obtaining  "rapid"  results  in  order 
to  expedite  both  assessment  of  water  quality  problems  and  any  subsequent 
management  decisions.  Specifically,  the  goal  is  to  expend  the  minimum 
amount  of  effort  required  to  get  reproducible,  scientifically  valid  results. 
Most  rapid  bioassessment  programs  are  designed  to  go  from  field 
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decisions  must  be  made  about  what  portion  of  the  aquatic  community  will 
be  collected,  how  to  locate  individual  samples  within  a  stream  reach,  and 


,  M  (fl  J)  >  u  O  «) 

,  43  — -  >  43  t:  > 

1  -S  ^  o  cx-9  rt 

-  f1  C  D  5  £ 

^  £«  -fa  Jr?  33  co 

^  P  C  33 

►  S  jo  2  in  5  ^ 

t  ™  p  S  —  ,z 

«  o  n  O  co 

C  rt  n  5  ^  L-, 

5  .2  u  c  (u  ^  u 

™  ^  on  43  L>  > 

d  *n  .q  w  rt  u. 

x  tj  3  ^  53  P 

33  cd  cr  x  33  >  *3 

03  43  43  W  5  ’-n  ” 

.hi  -22  u  'P  o  CL 

3  3  to  43  _ 

cr  p  h  u  P  -5  f2 

P  4)  s  4)  n  M 

^  3  2  c  ci 

o  ^  c  ^  c3  o 

2  CO  t-  Z>  -fi  ° 

r-s  Pl  bO  .  O  u,  - 

£2  >-»  Jri  *—  <13  era 

£  O'  Cd  o  CO  x  P 

O  _  ' —  X  e  03  X 

•|~!  P  r-  O  P  43  TT 


is  o  g  td  .£ 

.£  S!  1  E  o 

«  =  -s  00  a 

0)  O  o3  r-  r  \ 

■s.  °  £?■§  ^ 


‘S^-Q.^OOo'- 

!  ff'o  E  «  o  3  -S 

O  ^  IS  S  k.  ^  o 

?  (/!  «  *t:  l«r  °  .8  ^  ! 

L  i'i  c  °£g>.s 

:u>oC|;“  . 

1  H  u  *13  R*  at  C  co 

to  43  cd  CL  >  43 

>  43  >  9  £  ^  43  hi 

>  rr  >  S  >  co 

J  ’P  n  ^  S  *  -a  « 

3  §  <8  .£  °  *T  P  c 

2  O  43  «  w  S  *  | 

3  >  g,  S  8  .2  £  43 

i  2r  .id  r  *j  c  h 

12  P  *  ^’3  ™  1/1 

«  •§  “-a1 1  2  2 

X  g  43  3  ^  P 

co  w  ,  O  CO  & 


_£  P  o  c  C 

*5  43  u,  o  .£ 

4-  E  C  w  P 

0  8  8 

p  43  u  u 

.2  CO  ^  C<3  t£ 

d  J-*  {jD 
CO  O  *-=  uT  43 

-!  5  §  o  o 

>  «  P  .0  S 


o  to  2  t:  •s 

co  •*-*  3  .3  - 

o  3  O  *+-1 
c  o  w  ^  4) 

o  &<|  S 

p  m3  .2  h  •  c 

«  rt  -=  c 

CL  Cd  t-j 

l§-|i.! 


£  O'  .2 

^  ^5  00 

p  <  o 

^ao 

§  M  y 

U  43 

CL  co  V* 

O^O 

jp  3 

is  .a  £r- 
S-°| 
w  g  > 
g  E  <u 

CJ  3  FT 

43  O  w 

<-  O 
d  3  W) 


w)  >>  <  2 
.S  8  s 


;5lsi 

Sts  t-  CO 

u  3  3  o 
-  O  -  -O  £ 

O  (*«  g  8  I 

S.-5 

•-  p  ^  M  ^ 

I'-isaf 

JJ  i  o  <  ca 

43  >  -c  O'  w 

-o  5/5  .  S 


2  L  U  S 
p  WQ  bfl  ^ 

«  P  2  « 

£  CL  cl  *5 


«a| 

to  W  3 
cr 

CO  co  43 

i  § « 

M  W)  3 
O  O 

V-4  U- 

o.  y 


<  §  g 

O'  3  £ 

cl  «9  ^2 

3  %  13 


g  3  3 

'P  ~  in 


a 

p  CO  — . 


43  .2 
co  , — 1 

>»  O  c<3 

43  W  3 

>  P 


-<  O  g.  o 

1  Si « 

c  43  rt  .£ 

o  w  43  *0 

co  p  P  33 

h  O  W  3 

0/5  .S3  -o 

c  .*0 

1  *H  ^  *5  cS 

.  u  >  o  > 

P  UP  5  ; 

I  o  *5  .£  w 

a  o  >> 

1  c  'c  c  > 

■s  g.  o  > 

S  <0  ig  “ 

c  2  =  o 

1  «  o  8  "  • 

,  33  o.  ° 

!  £  o 

43  o  —  bO 

!  c3  .S  2  _ 


1  5  3  h  " 

Li  3  O  W  CO 

:  ^  rf3  S3  tS 

!  hi  ^o  ^  03 

!  c^  jc 

I  111  8 

i  s-i  s  £ 

!  13  W)  (3  <P 


H  O 
60  .43  C 


c3  4> 

43  O  Oh 
^43 

t-4  in  .«_» 
O  43  co  1 
w  u-  03 
CO  u. 

M  ^  1) 

«  g  .s 

a>  c 
>  <+* 
c  43  ° 

4~i  CO  'P 

p  c3 

43  03  ti 

h  0  3 

C  3 
it;  (u  o 


1-1  2 

,  X)  c 


O  3  3 

-2  *3  jo 

43 

DO* 

’S  I,  | 

1  43  £ 

C  <  -g 

2 

,43  U 

L-i  *r3 

a  ©  c« 

w  to 
c3  ^  .£ 

W)  >>  co 
P  3:  P 
*co  o  -2 

O  £  g 

i  c 

8  8 


OS  43 

-  *°  c 

.£  -  03 

cT*  co 

"O  c  c3 

43  C  1 
03  co 

^11 


Ti  «  3 

2  c  w> 

3  *n  p 

O  .52 

-P  U.  w  ( 

co  CL 

co  .O 
cd  >  W) ; 

.3  43 

co  -p  Ll 
43  J2  O 

.3  03  43 

CO  U.  43 


43  ON  43 

poo  t 

o2^s 

43  .  43 

i 

>  03 


co  00 

•§12 

cd  cl, 

•C  w 

43  sw  £ 

f2  O  w 

g  Cl  : 

43  *C  43 
co  rtv  u, 

2  >  3 

cl  *n  43 
43  £  3 

0  »-  £  S 

’  w  2 5</> 

?£  2*5 

'  _  to 

;  2  o  ? 
i  2  =E  2 
:SSS 

'  CL’S  2 

Cl  .  *n 

4  Z,  U 

^  03  w 

>  w  .P  C 
•  rt  2  o 

P  JC  43  h 


43  .2  >> 

aSS 


o3  bp  hi 

co  03  O 


=  c  ! - 

a  8  ? 

§5  £ 
f  M  2 

O  C  « 
O  - 
u 

3  £  « 

C  CO  t 
03  to 

CO  L_ 

bp  O  od 
cd  w 
P  43  *3 
^  .2  -§ 
POP 
OU  JP 
3  O  B 
O 

5  |  a 

15  H  cl 


43  T3  to 

£S? 

•r  co  c 


£  3  0 

15  p  rn 

%  II  *S 

^  43  43  J 

*5  £L  -5 

rt  P  co 

o  e3  ri  ■ 

CL  00 

cl  43  <n 

03  X)  Cd 


co  r-  >. 

O 

S  2  *8  3 
*n  *-*  *3  cr 

S  .S3  ^  3 

>  P  S'  w 

.S  *  £S 
*-*  Jr  R  03 
S  £  8  ■<= 
E  w  B 


o  V)  bO 
5  £  £?  £ 

Cl  r»  cd 
P  S5  x: 
.=  £  |U 

£  43  _  g 

^  to  •  — 

g.  §  g  a 

^  c-t  C 

In  c2  2 

«  ^  bfi  u 

g  s  a  2 

Z  £  CL  J 
g  *3  !  0 

S3  g  5/5  2 

£  g  2  S 

2  S  £  f 

bfl*0  Ji  O 

C  43  tt  _ 

43  ~ 
^  C  ^  43 

e  .s  .s  e 

vi  2  .E  2  2 

43  S  E  2  3 

^  c  § 

*§  S  2  E  g 

a.!J  E 
S3  ?  E  -S  8 

Ol  43  C  c 

3  3  43  O 

cr  co  p  w 


™  cd  ^  .N 

~  E  -S  £ 

co  ^  — 

>  .2  § 

•2  ri  4)  ^ 

^  ri  ^ 
i_  Ui  O  cd 

c5  &o  *p  p 

-3  43  ^  C 

3  ^  ^ 

*5  S  .-2  *2 

cd  — ■  to  co 

^•a  o  s 

co^-C 

.Si  co~.2  1/5 

TO  43  +_* 


43  43  P  " 

Eco  O 
43  •—  ^ 

g  •£  cS  ; 

^  ^  bi!-' 

p  c  *n  - 

•"*  CO 

*0  r  >  ’ 

3  .2  .1 

g  3  u,  \ 

>3  4) 

O  TJ 

43  PL  £  ’ 
P  43  3 

o  ^  £ 

5o| 

3  co  -O 

s  s  2 

C  -2  CL 

<g  g.  V. 

°  §•§>• 
U4  c  E 

4>  <+-. 

>  o  03  ; 
43  co  x: 

^  p  ^ 
o  o  43 
p  p  p 


1)  rj  L 
N  O  43 

’w  3  ^ 

03  V3  ,43 

x:  w 
p  ^  p 

E52 
u  t!  > 
S|>^ 

• s  a 

co 

*ri  ‘  o3 
43  |  .  w 


3 

Id 

u< 

CO 

M 

and 

O 

o-v  43 

CO  4-* 
•£ 

15 

43 

c 

T3 

S  5 

01 

X 

> 

O 

cd 

u> 

"b0 

P 

43 

3 

J  E 

P  H 

%  Sf 

CL  15  0 

^  £  V5 

CO  ^  P 

oo-2 

o-5| 

'Sag 

.2-1  5 

p  h  43 

43  PL  w 


>  5  ^ 

•  P  ^  4) 

^  T3 
ri  43  m2 

P  g  3 

ri  p  cr 

x:  p 

-  =3  Uj 


eo  43  > 

43  bJ)  > 

C  ri  o 

2  °.E 

^43  p 

P  co 

3  43  D 

T3  to  b*> 
„ ,  ^  P 
03  cO  cd 

lo  .£  *0 

P 

1  «3  X  ri 

43  cd  O 

i  i  g> 

5  go 


2.2.2 

w  8  8 


"  S  .2 
E  «  ^ 

*  J  g 

p  "o  > 

I  8  ■a 

•«— >  -*— > 

03  O  r- 
U  U-,  £ 

x  cl  .2 

CL  ^  X 

i  £  5 

O  W  PL 


g  tt 

4)  ri  Dl 
2  o1  3 

8*1^ 

.£  ^  S 

£  3  .CL 
03  O  “ 

S  ^  - 

w  8  w) 
o  c 

=J  -p 
p  -o  t: 

Coo 

^  h!  PL 
-  PL  CL 

i2  ms 

O  01  CO 

sS  s  = 

L_  - 

43  43  O 

■8  3  2 

8  §  a 

|  §  8 

E  1/3 

8  5  -I 
0I2 
a'  £  = 

^  .I 
0  ^ 
P*7>  cd  CL 

S3  B 

a  03  o 
p  >  o 
cr  43  = 


co  0  -a  j 
43  00  p 
m  c  a  ! 
a  "3  «  1 

x  p  E  j 
0  o  g 

43  C  *! 

•SI'S  - 

■a  | 60 

^  o  a 

T3  'T  2  • 

eg| 

2  -5  -5 

§  2  3 
o  «  0  ’ 

O  to 

p  f*  > 

0  8  1 

a 

g  P  43  . 

§  e  « 

.  o  2  .E  * 

-  U  L  r  ’ 
&J0  w  CO  X 
P  to  -j  > 

g  |  g*  C 

O  c  .P  o 

CL  4_»  -P 

SI  43  £  co 

g  p  E  43 
o  ^£  no 
p  43  p 

S  to  Cd 


negative  effects  of  scour  also  vary  with  flow,  being  most  severe  during  sampling  of  ecoregion  reterence  sites  may  oe  usea  to  u 

periods  of  high  flow  (Lenat  et  al.  1981).  changes  in  the  benthic  macroinvertebrate  community. 
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choices  and  it  is  unlikely  that  any  two  water  quality  agencies  will  (  genus/species  level  almost  as  fast  as  to  the  family  level.  The  latter 

have  identical  programs.  The  most  appropriate  choices  may  also  vary  J  statement  is  based  on  the  experience  of  the  authors,  as  well  as  conversa- 

depending  on  the  needs  of  individual  surveys.  tions  with  manY  working  taxonomists.  However,  such  taxonomic 
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Rapid  bioassessment  analyses  frequently  rely  on  several  different 
ways  of  examining  and  summarizing  macroinvertebrate  data.  This  use  of 
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1975),  but  most  rapid  bioassessment  programs  prefer  very  simple 
calculations.  The  simplest  number  is  the  percent  contribution  of  the 
dominant  (most  abundant)  taxon  (Plafkin  et  al.  1989).  Other  biological 
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WTURGEON 


Scikmihi:  Nami: 


INFORMATION  ABOUT 


Adpenser  oxyrhynchus  desotoi 


Common  Mmks 


Gulf  sturgeon,  Gulf  of  Mexico  sturgeon,  Atlantic 
sturgeon,  common  sturgeon  and  sea  sturgeon. 


Listed  as  a  Federally  threatened  species  on 
September  30, 1991. 


bhsr.llll'ilUN 


Easily  recognized  by  rows  of  bony  plates,  or  scutes 
along  body.  Can  grow  longer  than  nine  feet  and  weigh 
in  excess  of  300  pounds.  The  suction  type  mouth  is 
located  beneath  the  head. 


Bottom  dwelling  organisms;  amphipods,  isopods, 
crustaceans,  and  marine  worms. 


II  mii  nr 


^  Gulf  of  Mexico.  Bays  and  estuaries  in  Florida,  Alabama, 
U  Mississippi  and  Louisiana.  Major  freshwater  rivers  from 
the  Suwannee  River,  Florida  to  the  Mississippi  River. 

Sn\\Mv;  Habitat 


This  anadromous  species  migrates  from  salt  water  into 
coastal  rivers  to  spawn. 

I.111:  llisrmn 


Spends  most  of  its  life  in  rivers.  Long-lived  up  to  70 
years.  Requires  9  to  12  years  to  reproduce  which 
makes  it  vulnerable  to  overharvest  and  habitat  change. 

Nvnnti.  I'.mmiis 


None. 

Tiiiitvin  to  Si  iivivai. 


Barriers  to  spawning  grounds  (dams),  habitat  loss,  poor 
water  quality. 

IvmtKSTiv;  Non: 


Fossil  ancestry  of  this  primitive  fish  dates  back  200 
million  years.  In  the  late  19th  and  early  20  centuries, 
sturgeon  were  harvested  for  their  edible  flesh  and  eggs 
for  caviar. 


=*> SIGHTINGS  & 
*  LOCATIONS 

Historic  and  Recent 
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Call  Collect 


(904)  769-0552 

U.S.  Rsh  &  Wildlife  Service 
1612  June  Avenue 
Panama  City,  FL  32405 


by  samual  j.  ard 


In  the  mid-1880s,  Adlee  Bruner's  great-great  uncle  packed  his  few 
possessions  and  walked  from  north  Alabama  to  Point  Washington 
in  Walton  County,  Florida.  There  he  went  to  work  at  a  large 
sawmill  near  the  Choctawhatchee  River. 

■  A  century  later,  the  38-year-old  Bruner  follows  in  that  family 
tradition  as  the  owner  of  Riverbend  Lumber  Company,  also  located  on  the 
banks  of  the  Choctawhatchee  River.  The  Riverbend  Lumber  Company 
specializes  in  the  recovery  and  milling  of  deadheads,  the  cypress  and  heart 
pine  logs  that  sank  to  the  bottom  of  Florida  rivers  in  the  final  years  of  the 
19th  century  and  into  the  early  decades  of  the  20th  century 


Milling  cypress  at  Riverbend  Lumber  company. 

Timber  fueled  Florida's  economy  in  the  early  years  of 
statehood.  The  state's  virgin  forests  were  home  to 
enormous  trees  that  yielded  high-quality  woods,  the 
likes  of  which  can't  be  found  today.  The  deadhead  logs 
are  the  remnants  of  those  forests. 

In  one  of  his  final  acts  as  governor,  Lawton  Chiles 
presided  over  a  Dec.  10, 1998,  meeting  where  the 
Cabinet  gave  its  approval  to  a  process  for  recovering 
deadheads  from  Florida's  rivers. 

Bruner  estimates  that  up  to  300,000  board  feet  of  high- 
grade  lumber  rests  at  the  bottom  of  the  Blackwater  and 
Yellow  rivers  alone.  Retailed  at  $4.50  to  $8.00  per  board 
foot,  the  deadheads  are  bringing  sawmills  along  north 
Florida's  rivers  to  life  with  the  promise  of  much-needed 
jobs  and  prosperity. 


BUILDING  ON  A  SWAMP 


When  Florida  was  accepted  into  the  Union  in  1845, 
the  federal  government  surveyed  the  entire  state 
and  classified  almost  20  million  of  Florida's  34  million 
acres  as  "swamp  and  overflowed  lands."  The  federal 
government  transferred  ownership  of  those  20  million 
acres  to  the  state  of  Florida.  They  were  lands  considered 
unproductive  until  someone  went  to  the  considerable 
expense  to  drain  them. 

Soon,  Florida's  government  began  selling  the  property 
to  a  few  Northern  industrial  magnates  and  the  small 
number  of  settlers  who  chose  to  make  Florida  their 
home.  If  you  own  any  piece  of  Florida  property  there's  a 
good  chance  you  can  trace  the  chain  of  title  back  to  those 
19th  century  transactions  since  they  involved  more,  than 
half  the  land  in  the  state. 
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A  late  19th  century  logger  stands  dwarfed  by  giant  longleaf  pines  in 

one  of  Florida’s  virgin  forests. 
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Adlee  Bruner  in  the  woodyard  at  Riverbend  Lumber  Company. 


Timber  of  this  size  and  grade  is  unavailable  because 
there  are  no  virgin  or  old  growth  forests  remaining 
in  Florida.  Most  of  the  United  States  was  timbered 
during  a  50-year  period  beginning  around  1880.  One 
Florida  company,  the  Putnam  Lumber  Company, 
harvested  over  350,000  acres  in  a  20-year  period.  The 
Florida  Department  of  Agriculture  estimates  that, 
because  of  reforesting,  Florida  is  now  on  its  fourth- 
generation  forest.  Modem  corporate  and  private 
landowners  typically  place  their  timber  holdings  in 
rotations  of  25  to  50  years,  depending  on  the  type  of 
[product  they  market  from  the  wood.  The  deadheads 
found  in  the  rivers  are  aged  anywhere  from  100  to  as 
much  as  2,500  years  old. 


The  Bruner  family  recovered  deadheads  from 

riverbeds  for  years  until  the  practice  was  declared 
illegal  in  1974  because  of  concerns  that  it  would  disrupt 
fish  habitats.  With  a  booming  economy,  demand  for 
high-quality  wood  convinced  Bruner  to  embark  on  a 
fight  to  regain  permission  to  recover  the  logs. 

Earlier  this  year,  the  environmental  impact  of 
recovering  deadheads  was  studied  by  the  Florida  Game 
and  Fresh  Water  Fish  Commission,  as  well  as  other 
environmental  regulators  and  experts.  They  discovered 
the  logs  contributed  little,  if  any,  environmental  benefit 
to  the  rivers. 

Attorney  General  Bob  Butterworth,  at  the  request  of 
DEP,  then  investigated  the  issue  of  the  legality  of 
recovering  the  timber.  The  attorney  general  determined 
that  since  the  river  bottoms  are  state  property,  the  state 
owns  the  title  to  unbranded  logs.  All  branded  logs  are 
the  property  of  the  owner  of  the  brand.  Anyone 
recovering  a  branded  log  must  report  his  find  to  a  law 
enforcement  officer,  who  then  notifies  the  brand  holder 
or  advertises  the  find  for  90  days.  If  no  one  comes 
forward  with  a  valid  claim,  the  property  can  be  returned 
to  the  finder. 
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Milled  cypress  awaits  shipment  from  Riverbend  Lumber  Company. 
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His  lowest-priced  product  is  air-dried,  rough  cut 
lumber,  which  sells  for  about  $3  per  board  foot. 
The  price  rises  if  the  customer  wants  the  wood  milled, 
planed,  or  dried  to  other  specifications.  For  example, 

I  wood  three-quarters  of  an  inch  thick,  tongue  and 
grooved  for  flooring  or  paneling,  and  kiln  dried  to  less 
than  5  percent  moisture  content  is  worth  about  $4.50  per 
board  foot. 

Bruner  estimates  that  in  less  than  two  years  he  will 
have  recouped  his  investment  and  begun  to  make  a 


The  Choctawhatchee  River  as  It  flows  past  Riverbend  Lumber 
Company:  an  ancient  river  waits  to  surrender  its  treasures  from 
Florida’s  past. 


profit.  "This  business  is  not  for  just  anybody."  Bruner 
warns.  "Groping  around  on  the  bottom  of  a  cold,  dark 
river  isn't  for  the  faint  of  heart.  But  it's  fun,  it's  creative, 
and  my  customers  are  thrilled  to  learn  the  history 
behind  the  construction  of  their  home." 

To  increase  his  potential  inventory,  Bruner  has 
researched  the  laws  on  timber  brands.  He  negotiates 
leases  with  the  heirs  of  the  brand  owners,  and  can  now 
claim  title  to  many  of  the  logs  he  locates. 

"I  pay  the  brand  owners  a  flat  fee,"  says  Bruner, 
"around  $200  per  thousand  board  feet.  I've  seen  logs 
that  contained  as  much  as  1,500  board  feet.  It's  a  good 
way  for  them  to  make  some  easy  money  on  something 
they  gave  up  on  as  lost  many  years  ago." 

William  Rosasco  III  is  another  Floridian  with  a  vested 
interest  in  recovering  the  logs.  His  family  owned  one  of 
Florida's  largest  sawmills  in  the  tiny  northwest  Florida 


The  Rosascos  were  among  the  most  successful  and 
prominent  business  people  in  the  early  years  of 
statehood.  The  family  came  to  Florida  from  Italy  in 
1840.  They  harvested  and  milled  their  Genoa  Select 
brand  heart  pine  from  their  lands,  and  exported  most 
of  it  to  Italy. 

"Just  knowing  I've  got  a  lot  of  family  history  on  the 
bottoms  of  these  rivers,"  says  Rosasco,  "I'm  elated  that 
the  business  my  grandfather  helped  start  over  100  years 
ago  is  actually  still  alive  and  well.  I  can't  wait  to  see  the 
first  house,  or  library,  or  conference  facility  built  with 
this  wood." 

Rosasco  also  notes,  "Since  the  net  ban,  our  coastal 
counties  have  been  struggling  for  economic 
development.  This  industry  could  put  a  lot  of 
families  back  to  work."  ■ 


town  of  Bagdad  at  the  turn  of  the  century.  Rosasco  still  Samual  J.  Ard  is  an  attorney  and  sole  practitioner  in 

fowns  title  to  over  250  brands  that  can  be  found  on  logs  Tallahassee.  He  worked  zvith  Adlee  Bruner  and  William 

in  the  Blackwater,  Yellow,  and  Shoal  rivers.in  Santa  Rosa  Rosasco  as  a  consultant  in  the  effort  to  gain  permission  to 
and  Okaloosa  counties.  resume  the  salvaging  of  deadheads. 
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NORTHWEST  FLORIDA 


protective  of  their  lucrative 
trade,  earning  up  to  $3,000 
per  log,  but  environmentalists 
say  the  practice  harms  rivers. 

By  DUWAYNE  ESCOBEDO 


BAKER  —  Pushing  a  custom-made  pontoon 
boat  just  off  the  banks  of  the’Blackwater 
River  into  waist-deep  water,  Alton  Reddick 
gets  ready  to  begin  his  day  of  logging. 

For  almost  two  weeks,  the  55-year-old  Bruce  res¬ 
ident  has  hardly  strayed  from  where  he  ties  up  his 
boat  But  already,  33  telephone  pole-sized  timbers 
lay  stacked  in  shallow  water  near  the  Blackwater’s 
edge. 

He’s  not  your  typical  lumberjack. 

Reddick,  who  has  lived  all  his  life  on  the  • 
Choctawhatchee  River  in  Walton  County,  is  what’s 
known  as  a  “dead-head Jogger.”  He  has  been  one 
ever  since  he  turned  15. 

The  practice  requires  retrieving  pre-cut  timbers, 
or  “dead  heads,”  that  sank  throughout  Northwest 
Florida  riverbeds  as  much  as  150  years  ago. 

Timber  companies  that  were  clear-cutting  virtu¬ 
ally  the  entire  range  of  virgin  longleaf  pine  and  bald 
cypress  stands  between  the  1850s  and  1920s  left  the 
logs  behind  when  they  broke  off  rafts  that  were 
floating  them  down  the  rivers  to  nearby  sawmills. 

Reddick  and  Andy  Coleman,  who  are  working 
together  and  formed  a  company,  River  Bend 
Trading  Co.,  are  happy  to  pick  up  the  premium 
wood,  which  once  again  is  in  high  demand. 

“This  is  the  way  I  make  my  living  right  now.  I 
don’t  want  to  go  back  to  iron  work,”.SSi<i.RediiicJi 
who  wctked  for  Iron  Workers  Unipn  Mobile  Local 
798.  “Tije  state  shut  us  down  three  four  years  ago, 
arresting  a  lot  of  people  for  this.” 

Environmental  fears 

Many  environmentalists  maintain  dead-head 
logging  should  still  be  a  crime. 

Opponents  of  the  practice  fear  removing  the  tim¬ 
ber  will  lead  to  massive  erosion  resulting  in  poorer 
water  quality,  and  to  permanently  damaged  plant 
and  wildlife  habitats,  which  would  harm  mussels, 
gulf  striped  bass,  endangered  gulf  sturgeon  and 
other  creatures. 

The  state  stopped  issuing  permits  and  banned 
dead-head  logging  in  1974  when  the  Game  and 
Freshwater  Fish  Commission  concluded  it  disrupt¬ 
ed  or  permanently  damaged  the  places  where  fish 
lived. 

Because  the  rivers  run  through  so  many  rural 
areas,  enforcement  was  rare  and  the  logging  con¬ 
tinued. 

After  years  of  petitioning  and  observation  of  log¬ 
ging  operations,  however,  state  environmental 
agencies  dropped  their  opposition. 

And  in  January,  the  Florida  Department  of 
Environmental  Protection  began  allowing  recovery 
of  the  precut  timber  from  riverbeds  again. 

For  a  $5,500  permit  to  work  on  the  riverbeds 
owned  by  the  state  and  a  $500  permit  to  dredge, 
dead-head  loggers  can  retrieve  the  coveted  wood 
from  approximately  20-mile  stretches  of  rivers. 
After  a  year,  the  state  plans  to  evaluate  the  practice 
and  decide  whether  to  let  it  continue. 

So  far  about  a  dozen  permits  have  been  obtained 
between  Pensacola  and  Jacksonville,  with  the  first 
issued  in  April.  'Reddick  and  Coleman  received  the 
first  permit  in  Okaloosa  County  getting  permission 
to  pick  up  logs  on  the  Blackwater  River  between 
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the  Alabama  and  Santa  Rosa  County  lines. 
The  former  Game  and  Freshwater  Fish 
^^pnmission,  now  called  the  Florida  Fish 
Wildlife  Conservation  Commission, 


has  said  pre-cut  lumber  isn’t  as  attractive 
to  fish  as  trees  blown  into  the  water,  which 


still  have  their  tops  and  roots  intact.  And 
since  sand  partially  covers  many  of  the 
logs;  they  become  even  less  appealing  to 


fish. 


But  Jim  Williams,  a  U.S.  Geological 
Survey  biologist  at  the  Florida  Caribbean 
Science  Center  in  Gainesville,  calls  the 


dead-head  logging  permitting  “absolutely 
negligent,”  and  fears  destruction  to  the 
rivers  and  water  life. 


“They  don’t  have  any  good  information 
right  now  to  make  any  good  evaluation,” 
Williams  said.  “It  may  set  off  an  erosion 
event  going  miles  upstream.  These  things 
may  have  been  put  there  artificially  150 
years  ago  but  now  they  have  become  part 
of  the  river  bottom.  You  don’t  just  go  rip 


the  place  up.” 

Gordon  Roberts,  a  leading  DEP  dead¬ 
head  logging  authority,  points  out  that  a 
host  of  restrictions,  such  as  prohibiting 
lumber  recovery  from  river  banks  or 
bends,  will  reduce  damage  from  the  activi¬ 
ty.  He  adds  the  permits  will  help  to  impose 


more  self-policing. 

“There  are  so  many  rivers  and  so  many 
private  landings  to  catch  someone  in  the 
act  illegally  is  awfully  hard,”  Roberts  said. 
“But  if  you  have  to  buy  a  permit  and  now 
you  see  someone,  you’re  going  to  turn 
them  in  pretty  dam  quick.  But  I  won’t  tell 
you  there  still  won’t  be  some  illegal  har¬ 
vest  going  on.” 

Tiana  Burton,  Sierra  Club  Northwest 
Florida  Group  conservation  chairwoman, 
worries  there’s  a  lack  of  oversight,  though. 

“Sure  there’s  a  lot  of  conditions,  but  I’m 
concerned  they’re  not  really  being 
observed,”  she  said.  “You’re  giving  some¬ 
body  a  permit  for  20  miles  of  river  and 
there  really  isn’t  any  good  monitoring.” 

Eric  Buckelew,  who’s  in  charge  of  the 
logging  permits  for  DEP’s  Northwest 
District,  and  other  biologists  are  making 
spot  checks  and  doing  testing. 

“We’U  see  what  kind  of  damage  it’s 
causing  the  environment  and  see  how 
things  work,”  he  said.  “It’s  an  industry 
that’s  been  going  on  for  a  long  time.  But 
until  we  get  some  control  over  what’s 
going  on,  we  really  don’t  have  any  concrete 
data  one  way  or  another.” 

To  Reddick  and  Coleman,  dead-head 
logging  makes  environmental  sense. 
Reddick  says  the  rivers  ran  20  to  30-feet 
deep  during  his  childhood  but  have  filled 
up  with  sand,  and  removal  of  the  lumber 
will  open  up  the  rivers  again. 

Adds  Coleman:  “Every  log  we  retrieve 
is  saving  one  out  in  the  rainforest." 


if  Every  log  we  retrieve  is  saving 
one  out  in  the  rainforest.  Pf 

ANDY  COLEMAN 
“dead-head"  logger 

AUGUST  8, 1999  Daily  News 

Pulling  ~up  the  pine 

Meanwhile,  their  excitement  builds  as  a 
winch  on  the  boat  twists  and  pulls  up  a 
partially  submerged  32-foot  “heart”  pine, 
which  the  old-growth,  first  generation  lon- 
gleaf  pine  is  called,  from  its  oxygen-free 
underwater  sanctuary. 

During  the  tug-of-war,  the  winch’s  cable 
frays  and  then  snaps.  But  after  about  30 
minutes,  the  heart  pine  pops  up,  revealing 
a  glossy,  rose  color. 

“This  is  the  finest  pine  in  the  world,” 
said  Coleman,  with  a  wide  grin.  “It’s  gor¬ 
geous." 

The  lumber  is  a  treasure,  too,  because 
it  fetches  from  $2.50  to  $10  a  board  foot  A 
board  foot  equals  a  piece  1-inch  thick  and 
1-foot  square. 

A  “curly”  pine,  one  with  lots  of  knots  on 
the  outside  that  give  the  wood  grain  a 
swirly  pattern,  brings  even  more  money, 
retailing  for  as  much  as  $51  a  board  foot. 

One  recovered  heart  pine,  which  is 
dried  in  a  kiln  for  up  to  two  weeks  before 
being  cut,  can  contain  between  200  to  300 
board  feet.  In  other  words,  one  log  can 
bring  in  $500  to  $3,000,  depending  on  its 


size  and  quality. 

More  than  100  years  ago,  longleaf  pine 
stands  stretched  over  about  85  million 
acres  from  Virginia  to  Texas.  Today,  an 
estimated  5,000  acres  remain,  1,000  of 
those  in  Florida. 

Northern  and  European  timber  compa¬ 
nies  moved  in  and  essentially  clear-cut  the 
prime  timber  during  a  40-year  period, 
making  heart  pine  virtually  extinct  by  1910. 

The  heart  pine  was  declared  “King’s 
wood”  and  considered  an  excellent  all-pur¬ 
pose  timber  used  for  ship-building  and 
home-building  all  over  colonial  American 
and  Europe.  It  became  the  top  wood  of 
choice  because  its  tight  rings,  hardness 
and  high  resin  made  it  resistant  to  fire, 
water  and  insects.  Plus,  it  is  very  durable 
and  has  rich  colors,  ranging  from  dark 
golden  yellow  to  red. 

The  only  way  to  get  the  20-  to  40-foot- 
long  logs  to  sawmills  along  the  coast  was 
to  drag  them  by  oxen  and  steam  engine  to 
the  closest  rivers.  There,  loggers  tied 
them  together  in  rafts,  usually  as  wide  as 
the  river  and  five  to  seven  miles  long. 


During  the  trip,  many  sank.  With  no 
way  to  retrieve  them  and  lumber  so  plenti¬ 


ful,  they  were  forgotten.  No  one  knows 
exactly  how  much  timber  remains  under¬ 


water. 


A  treasure  of  wood 

William  Rosasco  III,  whose  family 
owned  one  of  Florida’s  largest  sawmills  in 


because  he  believes  it  will  help  him  to  bet¬ 
ter  recoup  some  lost  timber  that  belonged 
to  his  family’s  sawmill.  Much  of  the  lumber 
still  contains  his  family’s  brands  and  he 
has  leased  the  rights  to  dead-head  loggers 
for  about  $300  per  1,000  board  feet. 

“So  much  of  it  has  been  stolen,”  said 
the  Milton  builder  and  developer.  “It  has 
been  a  considerable  financial  loss  to  us.  As 
long  as  some  of  it  has  been  lying  down 
there,  it’s  exciting  to  see  some  of  our 
brands  now  coming  up  (legally).” 

Having  floated  up  and  down  the 
Blackwater  River  picking  out  dead  heads 
jutting  out  seemingly  left  and  right, 
Reddick  marvels  at  how  much  timber  the 
river  still  claims  that  is  just  waiting  to 
become  flooring,  molding,  stair  parts  or 
furniture. 

“All  my  life  cypress  was  in  demand  and 
no  one  was  interested  in  pine,”  said 
Reddick,  who  sold  dead-head  cypress  for 
restoration  projects  at  George 
Washington’s  Mount  Vernon  estate  and 
Thomas  Jefferson’s  Poplar  Forest  octago¬ 
nal  house. 

“You’d  pick  pine  up  and  drop  it.  You 
couldn’t  sell  it.  There’s  quite  a  bit  left,  but 
not  like  it  used  to  be.  There’s  probably  mil¬ 
lions  (of  board  feet),  but  we’ll  never  see  it 


■  Staff  Writer  Duwayne  Escobedo  can 
be  reached  at  936-8600  or 


In  the  photo  above, 
a  pair  of  dead-head 
pine  togs  recovered 
from  the  Blackwater 
River  sit  partially 
submerged  in 
water,  waiting  to  be 
transported  to  a 
sawmill.  The 
old-growth  wood  is 
prized  for  its  tight 
ring  structure, 
which  makes  it  very 
resistant  to  weather 
and  termites. 
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•Sourca:  Florida  Department  of  Environmental  Protection.  Northwest  District 
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Uprooting  fallen  history 

The  logging  of  valuable  longleaf  pines 
laying  in  North  Florida  rivers  outrages 
some  anglers  and  environmental  activists. 

By  CRAIG  PITTMAN  and  JULIE  HAUSERMAN 

©  St  Petersburg  Times,  published  December  13, 1999 


ON  THE  YELLOW  RIVER  -  Like  fossils  preserved  in 
amber  water,  the  longleaf  pine  logs  lay  beneath  the 
rippling  waves,  as  fresh  inside  as  the  day  they  were  cut  a 
century  ago. 

The  remnants  of  a  vast  forest  that  no  longer  exists,  the 
30-foot  timbers  were  among  thousands  that  loggers  once 
floated  down  the  Yellow  River  to  a  sawmill.  The  logs 
snagged  on  obstructions  and  jammed  into  the  river 
bottom  and  banks.  To  the  loggers,  the  lost  timbers  were 
deadheads,  too  much  trouble  to  retrieve. 

Over  die  decades,  the  deadheads  became  part  of  the 
river.  Where  woodpeckers  once  nested,  sturgeon  and 
mussels  found  a  home.  Every  angler  for  miles  around 
knew  that  the  area  around  the  deadheads  was  where  to 
find  the  biggest  bass,  bream  and  bluegill  in  Okaloosa 
County. 

Then,  about  a  month  ago,  someone  pulled  50  of  the 
ancient  logs  out  of  the  Yellow  River’s  bends.  Using  steel 
cables  and  floating  winches,  a  crew  yanked  them  out  of 
the  river  and  left  them  piled  on  a  sandbar . 

Since  the  state  began  issuing  permits  in  February, 
deadhead  crews  have  pulled  3,000  logs  out  of  seven 
rivers  across  North  Florida. 
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To  these  crews,  the  deadheads  are  like  buried  treasure 
because  developers  and  homeowners  will  pay  top  dollar 
for  such  rare  timbers  to  be  turned  into  wood  floors,  stairs 
and  furniture.  One  log  can  fetch  as  much  as  $3,000. 

Anglers,  scientists  and  environmental  activists  are 
steaming  about  what  deadhead  loggers  are  doing  to  the 
state's  waterways.  They  will  bring  their  complaint  to 
Gov.  Jeb  Bush  and  the  Cabinet  this  week. 

"It’s  against  Mother  Nature  to  clean  out  this  river," 
fumed  Larry  Welch,  48,  of  Crestview,  who  grew  up 
fishing  around  the  deadheads  in  the  Yellow  River.  "It's 
totally  destroying  the  fish  habitat.  They're  stripping  the 
river." 

Federal  wildlife  officials  fear  pulling  out  the  deadheads 
harms  endangered  species  such  as  the  Gulf  sturgeon  and 
rare  freshwater  mussels  such  as  the  purple  bankclimber 
and  the  Chipola  slabshell.  Biologists  worry  that  the 
deadheaders  are  damaging  the  rivers  by  weakening  the 
banks  and  ruining  water  quality. 

But  the  deadhead  loggers  contend  they  are  helping  the 
environment,  not  hurting  it. 

"These  logs  are  already  cut,"  pointed  out  Frankie  Smith 
of  Westville,  who  in  seven  months  pulled  some  200 
deadheads  out  of  the  Choctawhatchee  River.  "We're  not 
going  out  there  cutting  new  wood . . .  We  wouldn't  hurt 
nothing  anywhere." 

Tallahassee  attorney  Sam  Ard,  who  represents  a 
company  called  River  Bend  Lumber  that  harvests 
deadheads  from  the  Yellow  River,  contended  the 
longleaf  logs  are  as  artificial  as  a  block  of  concrete 
dumped  in  a  stream. 

"They  need  to  come  out  if  you  want  to  create  a  natural 
system,"  he  said. 

The  state  Department  of  Environmental  Protection  wants 
to  keep  deadhead  logging  legal,  yet  even  the  DEP's  own 
scientists  agree  that  pulling  die  old  logs  out  hurts  die 
rivers'  wildlife.  So  DEP  officials  have  suggested  a 
compromise:  Order  the  deadheaders  to  cut  fresh  trees 
and  sink  them  into  the  rivers  to  replace  what  the  crews 
yank  out. 

To  Welch,  that  seems  spectacularly  stupid. 

"What  are  they  going  to  do?"  he  asked.  "Bring  in  pile 
drivers  so  they  cm  (hive  them  into  the  riverbeds  so 
they'll  stay  --  and  cause  even  more  damage?" 

'The  finest  timber* 


Traditional  timber  harvesting  still  goes  on  near  die 
Yellow  River.  Trucks  loaded  with  spindly  logs  whip 
along  the  Hog  and  Hominy  Road.  The  tang  of  sticky  pine 
tar  lingers  in  their  wake. 

But  those  slash  pines  are  a  poor  cousin  of  the 
magnificent  longleaf  that  once  ruled  Southern  forests. 
Hailed  as  "the  finest  timber  tree  the  world  has  ever 
known,"  the  longleaf  is  valued  for  its  honeyed  patina, 
tight  grain  and  natural  resistance  to  insects. 

Ard's  client  is  selling  deadhead  lumber  from  the  Yellow 
River  to  homebuilders  at  Rosemary  Beach,  a  Walton 
County  development  that  mimics  die  look  of  a  small 
town  from  a  bygone  era.  The  Gulf-front  houses,  with 
their  elegant  pine  floors,  go  for  $1 -million. 

A  century  ago,  what  made  the  longleaf  valuable  was  its 
strength  and  apparently  inexhaustible  supply.  In  the 
impoverished  post-Civil  War  South,  timber  crews 
clear-cut  millions  of  acres,  floating  the  logs  downriver 
lashed  together  into  rafts  that  stretched  for  miles. 
Sawmills  ran  night  and  day  producing  shingles,  barrel 
staves,  ships,  forts  and  houses. 

By  1930,  the  Southern  longleaf  forests  were  all  but  gone 
and  biologists  were  calling  their  destruction  "one  of  the 
major  social  crimes  of  American  history."  Evidence  of 
the  crime  lingered  in  the  rivers:  the  deadheads,  which 
would  have  rotted  in  the  open  air,  were  sealed  away  safe 
in  their  watery  vault. 

Since  then,  any  poor  Florida  fanner  who  needed  lumber 
for  his  bam  might  wade  into  a  river  and  pull  out  a 
deadhead,  but  most  logs  stayed  where  they  sank.  One 
estimate  says  300,000  board-feet  of  high-grade  timber 
remains  beneath  the  Blackwater  and  Yellow  rivers  alone. 

In  1974,  Florida  officials  concerned  about  the  potential 
harm  to  fishing  outlawed  removal  of  the  deadheads.  In 
the  1990s,  though,  the  market  for  deadhead  lumber  from 
Southern  rivers  has  boomed.  Deadhead  timber  adorns 
everything  from  the  mansion  of  computer  billionaire  Bill 
Gates  to  the  corporate  offices  of  the  television  show  This 
Old  House. 

The  rising  demand  drove  a  push  to  overturn  Florida's 
ban.  A  year  ago,  DEP  officials  persuaded  Gov.  Lawton 
Chiles  and  the  Cabinet  to  make  deadheading  legal.  DEP 
officials  said  harvesting  the  deadheads  would  "improve 
the  fisheries  and  recreational  use  of  previously 
inaccessible  water  bodies." 

Not  until  after  the  program  was  approved  was  a  DEP 
scientist  dispatched  to  survey  the  impact  on  the  Yellow 
and  five  other  rivers.  He  concluded  that  pulling  out  the 


deadheads  would  harm  the  wildlife. 

Nature's  property 

This  summer,  former  state  forester  Vernon  Compton  was 
kayaking  through  Blackwater  River  State  Forest  when  he 
noticed  something  troubling:  Deadheads  had  been 
yanked  from  the  river's  banks  and  live  trees  had  been  cut, 
apparently  to  clear  a  path  to  pull  out  the  deadheads. 

The  state's  deadhead  logging  permits  say  that  no  live 
trees  are  to  be  cut  and  no  logs  are  to  be  pulled  out  of  the 
banks,  which  would  damage  the  structure  of  the  river.  So 
Compton  dutifully  notified  the  DEP  -  along  with  the 
Florida  Wildlife  Federation  and  the  U.S.  Fish  and 
Wildlife  Service. 

Federal  wildlife  experts,  who  had  not  been  consulted 
before  last  year's  Cabinet  vote,  began  questioning  DEP 
officials  about  the  impact  on  endangered  species. 

Meanwhile,  FWF  President  Manley  Fuller  fired  off  a 
letter  to  DEP  Secretary  David  Struhs  urging  him  to 
revoke  the  deadheaded s  permit  for  damaging  a  state 
forest. 

Struhs  wrote  back  that  the  deadheader  had  been  warned. 

Compton's  discovery  highlighted  the  biggest  weakness  in 
the  deadhead  program.  Although  DEP  officials  have 
boasted  to  the  Cabinet  they  are  doing  an  outstanding  job 
policing  the  deadheaders,  the  agency  actually  has  done 
little  to  pursue  complaints. 

Special  Agent  Chuck  Webb  of  the  Panama  City  DEP 
office  says  his  agency  is  stretched  too  thin  to  keep  a 
close  watch  on  so  many  deadheaders.  He  is  the  only  DEP 
investigator  for  much  of  the  Panhandle.  Only  a  week  ago 
was  he  at  last  equipped  with  a  boat. 

This  month  Welch,  the  Crestview  angler,  took  Webb  out 
on  the  Yellow  River  to  see  the  pile  of  50  logs,  some  of 
them  pulled  out  of  the  river  banks  in  violation  of  the 
state's  permit.  Webb  said  he  could  not  charge  anyone, 
not  even  the  only  deadheader  with  a  permit  to  work  that 
area. 

"The  problem  is  there  are  no  eyewitnesses,"  Webb  said. 
"We’ve  got  to  catch  them  at  it." 

Frustrated,  Welch  organized  a  boycott  among  the  owners 
of  the  Yellow  River's  private  boat  landings.  They  have 
all  refused  to  let  the  deadheaders  cross  their  property,  so 
the  deadheaders  cannot  retrieve  their  harvested  logs 
unless  they  can  float  them  down  to  a  public  landing 
miles  away. 


"There  ain't  no  way  they  can  float  a  log  down  that  river!" 
Welch  crowed.  "A  lot  of  places  it  ain't  even  a  foot  deep." 

Last  week  Welch  and  landing  owner  Harold  "Sky"  King, 
65,  drove  to  Tallahassee  to  lobby  Cabinet  aides  to  outlaw 
deadheading.  Deadheaders  in  jeans  and  camouflage 
jackets  also  crowded  into  the  meeting  room  normally 
filled  with  dark-suited  power  brokers. 

Russell  Bourkard,  who  has  been  harvesting  deadheads 
since  the  1950s,  told  Cabinet  aides  there  are  still  plenty 
of  fallen  trees  providing  a  haven  for  fish. 

"I  wish  somebody  would  see  how  much  habitat  is  really 
there,"  he  said.  "What  we  pull  out  is  only  a  small 
portion." 

But  the  gray-haired  King,  who  is  building  a  cabin  of 
fragrant  cedar  on  the  Yellow  River,  said  he  believes  the 
deadheads  now  belong  to  nature,  not  man. 

"Hell,  they've  been  there  for  a  hundred  years,"  he  said. 
"They're  part  of  the  ecosystem  now. " 


-  Times  researcher  John  Martin  contributed  to 
this  report 
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State  places  4-month  moratorium  on  pulling  logs  from  riverbeds 
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DEP 


Editorials 

should  halt 


river  ‘deadheading’ 

The  state'  Department  of  Environmental  Protection 
didn’t  go  far  enough  in  its  moratorium  on  pulling  old- 
growth  lumber  —  deadheading  —  from  North  Florida 
rivers. 

DEP  has  put  a  four-month  moratorium  on  new  permits 
pending  Cabinet  review,  but  ought  to  halt  all  deadheading. 

The  Cabinet,  rather  than  waiting  four  months  to  study  the 
matter  and  reviewing  it  in  April,  should  permanently  suspend 
the  practice. 

By  waiting  until  April,  DEP  and  the  Cabinet  are  assuring 
that  more  damage  will  be  done  to  North  Florida  Rivers, 
including  the  Blackwater,  Yellow  and  Chipola  in  Northwest 
Florida. 

The  practice  had  been  illegal  since  1974  until,  for  reasons 
many  people  still  don’t  understand,  it  was  suddenly  resurrect¬ 
ed  in  1998  by  the  Cabinet  at  the  behest  of  DEP. 

The  problem  with  deadheading  is  that  it  disturbs  the  river 
bottom,  dislodging  sediment  and  opening  it  up  to  more  ero¬ 
sion,  and  destroys  fish  habitat  that  has  been  in  place  for  many 
years. 

Erosion  and  sedimentation  are  a 
prime  river  problem  in  the  Blackwater 
River  State  Forest,  and  deadheading 
only  aggravates  the  problem. 

Proponents  —  whose  real  interest  is 
selling  the  logs  —  argue  that  the/re 
merely  cleaning  snags  out  of  the  river. 
They  say  that  the  logs,  remnants  of 
Northwest  Florida’s  turn  Of  the  century 
lumber  boom,  shouldn’t  be  in  the  river 
because  they  were  introduced  by  man’s 
logging  operations. 

It’s  correct  that  the  logs  are  the  resvdt  of  logging.  But  most 
of  them  have  been  in  the  river  for  100  years  or  more,  and  in 
that  time  nature  has  done  what  it  has  always  done  and  made 
them  part  of  the  river  ecosystem.  And  of  course  naturally 
occurring  snags  have  always  been  part  of  the  river  ecosystem. 

Through  the  long  years,  the  snags  have  slowed  the  rivers 
and  created  deep  pools  of  slow-moving  water  that  help  fish  . 
and  other  wildlife  thrive.  Pulling  the  logs  out  is  destroying 
those  habitats. 

Reports  from  fishermen  and  others  on  the  rivers  indicate 
that  deadheaders  are  going  beyond  their  permits  and  illegally 
retrieving  logs  that  are  stuck  in  the  bottom  or  imbedded  in  the 
bank. 

As  usual,  the  state  has  granted  permits  without  providing 
adequate  manpower  to  enforce  them.  The  result  is  damage  to 
the  rivers  —  and  the  blame  rests  squarely  with  DEP. 

If  this  is  an  example  of  the  new,  tougher  DEP  at  work,  it’s 
not  good  news  for  fishermen,  canoeist  and  others  who  value 
healthy  Florida  rivers. 
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By  waiting  until 
April,  DEP  and  the. 
Cabinet  are  assuring 
that  more:  damage 
will  be  done  to  North 
Florida  rivers. 
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DEP  allows  a  few  to  pillage 
Blackwater  and  other  rivers 

The  Department  of  Environ¬ 
ment  Protection  Director 
David  Struhs  has  had  more 


The  Department  of  Environ¬ 
ment  Protection  Director 
David  Struhs  has  had  more 
than  a  year  to  show  Floridians 
that  the  agency  intends  to  enforce 
environmental  laws. 

.  From  my  perspective,  which  in¬ 
volves  monitoring  the  Blackwater 
River,  it  appears  that  the  agency  di¬ 
rector  is  quite  happy  helping  those 
bent  on  taking  environmental  re¬ 
sources  that  belong  to  all  Floridians. 

Deadhead  logging  in  Outstand¬ 
ing  Florida  Waters  (OFWs)  is  an 
example.  Deadheads'  are  close- 
grained,  resinous  logs  cut  from 
old-growth  forests. 

When  the  loggers  of  past  centuries 
tried  to  float  them  down  rivers  to 
the  sawmills,  the  densest  logs  lost 
buoyancy  and  sank.  Although  some 
So-called  deadheads  were  branded 
so  that  their  owners  could  claim 
them,  when  lumber  was  plentiful 
recovery  was  not  cost-effective  and 
thousands  were  abandoned 
throughout  Northwest  Florida 
Since  old  growth  forests  have 
been  eliminated,  those  ancient 
logs,  which  now  belong  to  the  peo¬ 
ple  of  Florida,  are  each  worth  thou¬ 
sands  of  dollars.  Consequently, 
greed  enters  the  picture.  Some  peo¬ 
ple  have  been  stealing  deadheads 
with  impunity  for  years.  In  the  late 
’90s,  a  few  thieves  were  arrested 
and  there  were  howls  of  protest. 

In  1998,  for  some  inexplicable 
reason  DEP  was  prodded  into  giv¬ 
ing  deadhead  loggers  permits  to 
liquidate  this  state  property  with¬ 
out  even  paying  for  it.  And  to  make 
matters  100-times  worse,  DEP  al¬ 
lowed  nearly  all  of  this  deadhead 
logging  to  take  place  in  OFWs  in¬ 
cluding  the  Blackwater  River. 

OFWs  are  supposed  to  be  pro¬ 
tected  from  destruction  sanctioned 
by  government  unless  it  can  dear¬ 
ly  be  shown  the  activity  is  in  the 
public  interest.  DEP’s  rules  state, 
“It  shall  be  the  Department  policy 
to  afford  the  highest  protection  to 
OFWs  ...  No  degradation  of  water 
quality ...  is  to  be  permitted.” 

If  you  look  closely  at  the  permits 


CHARLES 
N.  D’ASARO 


granted  to  fewer  than  12  people  to 
remove  deadhead  logs  from  OFWs  in 
Northwest  Florida,  you  will  see  that 
OFW  status  is  not  a  factor.  There 
have  been  no  hearings  to  determine 
whether  this  liquidation  of  state 
property  is  in  the  public  interest 

Those  giant  logs  may  have  ar¬ 
rived  in  the  rivers  due  to  human 
activity,  but  they  mimic  natural 
tree-fall  accumulating  in  rivers 
since  the  beginning  of  time.  In  the 
1800s,  log  jams  in  streams  were 
removed  to  facilitate  rafting  of 
timber.  Fortunately,  deadheads 
were  the  replacement.  Since  cellu¬ 
lose  in  wood  is  composed  of  mole¬ 
cules  of  sugar  strongly  bound  end 
to  end,  deadheads  are  giant,  slow- 
dissolving  lollipops  providing  nu¬ 
trition  for  the  food  web: 

Bacteria,  fungi  and  certain  in¬ 
sects  slowly  consume  the  logs,  and 
themselves  provide  food  for  fish. 
The  close-grained  wood  insures 
that  release  of  nutrients  will  be 
slow,  especially  where  the  logs  are 
partially  buried,  avoiding  the  pol¬ 
luting  effects  of  abundant  nutrients 
so  commonly  encountered  today. 

Not  only  do  deadheads  provide 
nutrients,  but  they  slow  the  flow  of 
water,  creating  habitat  for  larger 
animals,  especially  fish.  And  when 
deadheads  are  removed,  sediment 
is  suspended,  which  smothers 
habitat  downstream.  And  to  make 
the  situation  worse,  no  one  knows 
how  many  deadheads  exist  in 
OFWs,  so  there  is  no  way  to  pre¬ 
dict  the  real  potential  for  damage. 

To  help  12  people  liquidate  the 
property  of  all  Floridians,  DEP  as¬ 
sumed  they  would  follow  the  rules 
outlined  in  their  permits.  Some  of 
those  rules  prohibit  removing 
buried  logs  or  those  in  logjams  or 


river  banks,  and  disturbing  ar¬ 
chaeological  sites. 

;  According  to  reports  submitted 
to  the  Florida  Cabinet  by  citizens 
and  environmental  groups  such  as 
the  Florida  Wildlife  Federation 
and  the  Audubon  Society,  there 
have  been  major  abuses  of  the 
rules  everywhere. 

In  December  1999,  the  Cabinet 
responded  to  complaints  about  the 
permit  holders  failure  to  follow  the. 
rules  and  declared  a  four-month 
moratorium  on  new  permits.  In  ef¬ 
fect  that  gave  the  present  permit 
holders  exclusive  rights  to  contin¬ 
ue  to  rip  deadheads  out  of  the 
OFWs  without  additional  competi¬ 
tion  that  might  reduce  their  profit. 

In  fact,  one  holder  of  a  permit 
went  before  the  Cabinet  in  January 
and  complained  that  the  area  de¬ 
fined  in  his  permit  had  been 
stripped  of  logs,  and  because  of  the 
moratorium  on  granting  new  per¬ 
mits,  he  was  losing  money.  Then 
Struhs  said  to  the  Cabinet,  Tve  ac-. 
tually  been  advised  that  there  are 
probably  half  a  dozen  individuals  in 
Florida  who  are  in  the  same  posi¬ 
tion  ...  And  we  believe  we  can  proba¬ 
bly  work  out  an  arrangement  where 
we  can  actually  provide  them  with 
the  necessary  permits ...  * 

This  farcical  situation  is  an  exam¬ 
ple  of  how  DEP  provides  the  high¬ 
est  protection  to  an  OFW  and  en¬ 
forces  the  environmental  laws  of 
Florida,  We  have  a  beneficent  DEP 
director  offering  to  work  with  a 
poor  fellow  so  he  can  pay  his  Christ¬ 
mas  bills.  What  about  the  property 
rights  of  the  people  of  this  state? 

I  believe  it  is  time  for  the  Florida 
Cabinet  to  end  this  travesty  and  pre¬ 
vent  removal  of  deadhead  logs  from 
OFWs  unless  it  can  be  shown  to  be 
in  the  public  interest.  And  it  is  also 
time  for  the  DEP  director  to  stop  of¬ 
fering  to  provide  favors  behind 
closed  doors  and  attend  to  enforcing 
the  environmental  laws  of  Florida  in 
ways  that  serve  all  Floridians. 

Charles  N.  D’Asaro  is  a  resident 
of  Bagdad. 
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Small  salamander,  that  may  or  may.  not 
live  here,  impacts  Santa  Rosa  growth 


A  virtually  unknown. amphibian  that 
primarily  inhabits  the  Southeast  has 
gained  notoriety  lately,  challenging 
area  builders  and  developers.  The 
flatwoods  salamander,  by  virtue  of 
its  inclusion  on  the  endangered  species 
list  since  May  1999,  has  rerouted  and 
even  halted  building  projects  at  wetlands 
sites  in  Santa  Rosa  County. 

Despite  the  fact  the  small,  elusive 
creature  has  never  been  seen  by  scientists 
or  developers  on  the  disputed  lands,  the 
mere  possibility  that  it  is  there  is  enough 
to  warrant  federal  surveys  to  uphold  the 
1993  Endangered  Species  Act. 

Among  the  first  to  feel  the  effect  of 
the  tiny  creature  was  the  Santa  Rosa 
County  School  District.  Woodlawn  Beach 
Middle  School  in 
Navarre,  set  for  comple¬ 
tion  in  August  2000,  had 
to  redirect  a  roadway  and 
parking  lot  to  avoid  the  salamander’s  pre¬ 
sumed  wetlands  habitat. 

Steve  Ratliff,  school  construction 
administrator,  ran  into  the  hold-up 
because  of  less  than  one  acre  of  the  site. 
The  slender  salamander  has  never  been 
seen  there,  but  Ratliff  said  that  "even  the 
possibility  of  an  endangered  species  on  a 
site  constitutes  a  mandatory  two-year 
study  of  soil  and  water  impact.” 

Therefore,  the  Fish  and  Game 
Commission  undertook  plans  to  survey 
the  wetlands  that  harbors  the  endangered 
chocolate  black  and  gray  salamander. 

To  avoid  the  time-costly  survey  and  go 
ahead  with  the  much  needed  school,  offi¬ 
cials  adjusted  the  direction  of  a  roadway 
that  would  cross  the  wetlands  and  reori¬ 
ented  an  east- west  facing  parking  lot  to 
north-south  to  avoid  building  on  the  dis¬ 
puted  wetlands. 

Bill  Pullum,  a  residential  developer  in 
Santa  Rosa  with  a  planned  533  acres  sub¬ 
division  near  Navarre  High  School,  also 
has  been  delayed  because  of  the  may-be- 
thcre,  may-not-be-therc  critter. 

Pullum,  whose  acreage  sits  where  the 
nocturnal  amphibian  may  reside,  was 
forced  to  halt  construction  plans  to  follow 
federal  survey  regulations  for  dealing 
with  a  protected  species. 

Pullum  or  his  family  has  held  the  land 
off  Highway  87.  for  more  than  30  years. 
When  he  decided  to  cultivate  the  land 
both  woodland  and  wetland  he  was 
blocked  by  wildlife  agencies  that 
requested  him  to  perform  an  impact  sur¬ 
vey  in  the  eventuality  of  the  salamander. 
That  hasn't  been  easy. 

"It  has  been  difficult  to  find  a  feder¬ 
ally  qualified  person  to  conduct  the  habi¬ 
tat  survey”  said  Pullum.  “By  the  time  wc 
found  someone  suitable,  the  breeding  sea¬ 
son  was  halfway  done.” 


'  Forget  labor  disputes,  permit 
i  delays  and  the  cost  of  cement. 
Move  over  hurricanes,  another 
obstacle  to  development  has 
timidly  arrived  in  Santa  Rosa 
County. 

Now  the  survey  must  wait  until  next 
winter,  which  translates  into  the  virtual 
shutdown  of  construction,  and  leaves 
Pullum  with  taxable  dormant  land. 

The  five-inch  salamander  creates  prob¬ 
lems  for  builders  because  its  breeding 
ground  and  migratory  area  can  range 
from  wetland  to  terrestrial.  Federal  regu¬ 
lators  require  a  1,476-foot  buffer  around- 
breeding  ponds  to  allow  for  the  migration 
of  the  species,  v-; 

It  is  this  requirement,  among  others, 
that  causes  developers  problems 

The  flatwoods  salamander  is  the  first 
protected  amphibian  to  cause  develop¬ 
ment  delays  in  the  area.  So  how  builders 
deal  with  the  creature  could  create  a  tem¬ 
plate  for  future  management  of  subse¬ 
quent  endangered  amphibians  around 
temporary  breeding  ponds,  said  Foster 
Dickard,  a  Champion  International 
wildlife  biologist. 

More  than  80  percent  of  the  salaman¬ 
der’s  original  habitat  has  been  destroyed 
through  urban  and  agricultural  develop¬ 
ment  and  timber  cultivation.  Since  its  last 
sighting  in  1981,  the  flatwoods  salaman¬ 
der  has  virtually  disappeared  from 
Alabama. 

With  the  reduced  numbers,  genetics 
now  play  a  large  part  in  their  plausible 
extinction.  Hildreth  Cooper,  a  wildlife 
biologist  for  the  U.S.  Fish  and  Wildlife 
Service  in  Panama  City,  said,  "Some 
small  isolated  populations  may  not  be 
genetically  viable  as  the  gene  pool  is  not 
large  enough  to  sustain  the  flatwoods 
salamander.” 

Cooper  says  flatwoods  salamanders  are 
secretive  in  their  adult  life,  and  the  only  . 
way  to  locate  a  population  is  to  find  the 
larvae  during  late  winter  in  the  wetlands. 

He  suggests  that  construction  does  not  . 
necessarily  have  to  be  aborted  when  an 
endangered  species  is  located  on  private 
property.  And  that  the  government  tries  to 
help  the  builders  determine  how  to  mini¬ 
mize  the  impact  on  the  animals  environ¬ 
ment. 

Under  existing  regulations,  builders  in 
south  Santa  Rosa  who  own  wetlands  must 
be  granted  a  permit  by  the  Army  Corps  of 
Engineers  and  then  evaluated  by  wildlife 
agencies.  The  government  then  could 


Down  Dodge 


The  flatwoods  salamander  may  or  may 

mandate  a  survey  of  the  habitat,  which 
could  block  a  project  for  up  to  two  breed¬ 
ing  seasons  to  determine  the  impact  of 
construction  on  the  endangered  animal. 

Pensacola  Junior  College  is  another 
that  may  feel  the  presumed  presence  of 


Courtosy  Hildreth  Cooper,  US  Fish  and  Wildlife  Sorvico 
not  be  in  residence  in  south  Santa  Rosa. 

the  salamander.  The  college  planned  to 
build  a  105-acrc  campus  near  Woodlawn 
Beach  on  U.S.  98,  but  construction  will 
not  begin  for  another  three  to  five  years 
said  Dr.  G.  Thomas  Delano,  vice  presi¬ 
dent  of  planning  and  administration. 


PENSACOLA  ICE  PILOTS 

XV 


Individual 
Tickets 
$14,  $12,  $9 

Ice  Pilot's  Coach's  Show  6-7  pm 
every  Monday  at  Mr.  Manatee's 
broadcast  live  on  WCOA-AM  1370 
&  WFAV-AM  1400  in  Ft  Walton. 
Hooked  on  Hockey  TV  Show:  Taped 
at  the  Palafox  Restaurant  &  Trolley 
Lounge  at  6:30  pm,  every  Wednesday 
in  December.  Airs  every  Thursday  at 
9:30  pm.  on  BLAB-TV. 


Sunday.  Dec.  1 2  5:05  pm  vs 
Tallahassee  Tiger  Sharks 

Henry  Company  Homes  Beanie  Pilot  giveaway  to  the  first  500  kids  age  12 
and  under  in  attendance. 

Players  wear  Dlux  Printing  Sunday  Best  Jerseys. 

Post-Game  Radio  Show  at  the  Barracks  Street  Fish  House. 

Delchamps  Ticket  Discount  Offer:  Receive  $3  off  $9  ticket  with  Delchamps 

receipt* 

•  Redeemable  at  Civic  Center  Box  Office  only.  Limit  four  discount  tickets  per  receipt. 


Tuesday,  Dec.  14  7:05  pm  vs 
Florida  Everblades 


•'Ghost  lizards'  slowing  construction 


By:  CARMEN  PAIGE 

Press  Gazette  Assistant  Editor _ 

Some  “ghost  lizards”  are  costing  the 
school  board  big  bucks. 

“It’s  about  a  quarter  to  a  third  of  a  mil¬ 
lion  dollars,”  Steve  Ratliff,  assistant  super¬ 
intendent  of  administrative  services,  told 
board  members  at  the  March  9  meeting. 

At  issue  is  the  roadway  for  the  new 
Woodlawn  Beach  Middle  School  in  the 
Navarre  area.  The  facility’s  construction  is 
on  schedule,  however,  the  road  is  being 
stalled  by  “non-existent”  salamanders, 
according  to  Steve  Ratliff,  assistant  superin¬ 
tendent  of  administrative  services. 

The  United  States  Department  of  Fish 
and  Wildlife  filed  an  appeal  regarding  the 
district’s  application  for  a  federal  permit 
surrounding  the  new  school.  The  district 
sought  a  permit  to  fill  in  less  than  one  acre, 
and  in  return,  was  going  to»  purchase  40 
acres  of  wetlands ’ac“Roltey-t>y-the-Sea  to* 
give  to  the  U.S.  Corps  of  Engineers,  accord¬ 
ing  to  Ratliff.  However,  officials  had  con- 
|ccrn  that  the  area  could  possibly  be  a  habi- 
Kat  for  the  fiatwood  salamander,  which  was 
placed  on  threatened  species  list  last  year. 

“We  thought  the  deal  was  worked  out,” 
he  explained. 

It  is  now  the  district’s  responsibility  to 
prove  there  are  no  salamanders  in  the  area. 
He  said  he  has  been  told  the  closest  pod  is 
near  the  Holley  field  and  Eglin  Air  Force 
Base,  however  the  reptiles  arc  in  “small 
numbers.” 

The  district  has  withdrawn  all  federal 
permits  and  redesigned  the  parking  lots  and 
roadways  to  avoid  all  wetlands.  He  added 
that  the  district  has  contingency  plans  so  if 
all  fails,  there  will  be  a  way  to  operate  the 
new  school  and  provide  a  proper  education 
for  students. 

“This  has  taken  a  lot  of  engineering  and 
time,”  he  offered.  “But,  the  school  district  is 


trying  to  comply  with  every  rule  and  regu¬ 
lation,  and  to  apply  for  the  proper  permits. 
We  are  working  through  the  maze.” 

The  audience  followed  Superintendent 
John  Rogers  in  giving  a  standing  ovation  to 
the  district’s  “Dreamers  and  Doers”  - 
Monica  Clonts,  a  junior  at  Navarre  High, 
Emily  Ann  Sutler,  a  seventh  grader  at  Jay 
High,  and  Elizabeth  Drewry,  a  second  grad¬ 
er  at  Munson  Elementary.  They  were  cho¬ 
sen  based  on  curiosity,  confidence,  courage, 
constancy  and  creativity.  Clonts  is  an  inter¬ 
preter  for  her  parents  who  are  deaf.  Sutler  is 
legally  blind  and  plays  in  the  band.  Drewry 
lost  her  mother  to  cancer  last  year.  Their 
names  have  been  submitted  to  Walt  Disney 
World  for  the  state  competition. 

School  board  members  agreed  to  give 
$15,000  to  the  Mary  Street  Park  Project  to 
provide  another  staff  person.  Mary  Street 
officials  .have  requested  the  same  amount 
from  the  cdunty  aijd  tjie  city  of  Milton. 

~  “ISchcSbl  board  members  wKfalsoTlefp 
the  Gulf  Breeze  Drama  Department  attend  a 
three-day  state  competition  in  Orlando  by 
funding  a  request  for  $4,168.19.  Principal 
Cherry  Fitch  said  the  "Music  Man”  involves 
53  students,  a  costumer  and  elaborate  sets. 
She  said  this  is  the  first  time  Gulf  Breeze 
High  has  been  invited,  and  is  one  of  five 
schools  to  get  an  invitation. 


^BWe've  had  a  lot 

of  gspensions  and  a 
lot  H  °f  alternative 
pla|  ments,  but  that 
goJ  with  having 
safS  schools.  99 


Finally,  three  students  were  expelled  for 
one  calendar  year  with  services  offered  at 
the  Rader  School  —  a  Gulf  Breeze  Middle 
student  for  possession  of  prescription  med¬ 
ication  for  which  she  had  no  prescription;  a 
Milton  High  student  for  possession  of  mar¬ 
ijuana  in  I  car  on  campus;  and,  a  Milton 
■HigffstuHent  for  possession,  use  and  distri¬ 
bution  of  marijuana  on  a  school  bus. 

"We’ve  had  a  lot  of  suspensions  and  a 
lot  of  alternative  placements,  but  that  goes 
with  having  safe  schools,"  said 
Superintendent  Rogers.  “We  have  high 
expectations  for  academics,  and  we  have 
high  expectations  for  good  behavior  as 
well.” 


cloud  river,  state  says 


Storm  runoff 
Into  Blackwater 
threatens  other 
waterways,  too 

By  Scott  Streater 
News  Journal  staff  writer 

The  state  wants  to  close 
hundreds  of  miles  of  dirt 
roads  in  the  Blackwater 
River  State  Forest  because 
rain  is  washing  tons  of  dirt 
and  clay  into  nearby  water¬ 
ways,  clouding  the  water  as 
far  away  as  Pensacola  Bay. 

At  least  750,000  tons  of 
dirt  each  year  enter  the 
Blackwater  River  and  the 
various  creeks  and  streams 
that  snake  through  the 
183,000-acre  forest, 

estimates  Clarence  Morgan, 
senior  forester  at  the  forest. 
Spread  over  a  football  field, 
all  that  dirt  would  tower  26 
stories  high  —  taller  than 
any  building  in  the  Pensaco¬ 
la  area. 

“It's  like  putting  a  freight 
train  of  dirt  into  Pensacola 
Bay  every  year,”  Morgan 
said,  noting  that  the  state 
had  determined  the  Black¬ 
water  River  receives  the 
most  sediment  erosion  pf 
any  body  of  water  in  Florida. 

The  fine  dirt  washes  off  the 
roads  during  heavy  rains 
and  runs  into  area  waters.  It 
then  floats  for  miles  down¬ 
stream,  where  it  blocks  sun¬ 
light  from  reaching  the 
underwater  grass  beds  that 
.  nurture  and  protect  virtual¬ 
ly  every  recreational  and 
See  DIRT,  4A 


Tony  Giberson/News  Journal 

When  it  rains,  sediment  from  the  miles  and  miles  of  dirt  roads  that  surround  the  Blackwater 
River  washes  into  the  river,  threatening  the  water’s  clarity  and  the  lives  of  its  inhabitants. 
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Tiny  AnifcxiJs  Fokh> 


By  Jill  ShoJI  Austin 

“Sometimes  it’s  the  little  things  that  drive 
^^^stems,”  said  Jeff  Hardesty,  The  Nature 
Con||rvancy*s  director  of  ecological  management 
%ij^pstoration.  “Springtails  are  really  funny  look¬ 
ing  little  bugs  that  only  an  entomologist  could 
love.  And  yet  they  are  the  most  numerous  animal  at 
Eglin  Air  Force  Base.  No  one  sees  them.  They  will 
never  be  listed  as  endangered.  But  these  unheralded 
animals  are  fundamentally  important.  The  longleaf 
pine  ecosystem  would  be  impaired  without  them.** 
Beautiful  animals  such  as  the  Florida  black  bear 
and  Florida  panther  get  a  lot  of  attention  for  the 
role  they  play  in  nature.  Yet  Hardesty  and  others 
•  studying  the  longleaf  pine  forest  at  Eglin  in  the 
western  Panhandle  agree  the  tiny,  often  colorful, 
creature  with  the  spring-loaded  tail  performs  a 
function  critical  to  the  ecosystem. 

"Springtails  are  absolutely  essential  -  They 
break  down  cellulose  and  particles  that  other  organ¬ 
isms  cannot  digest,  creating  finer  compounds  and 
nutrients  that  plants  and  animals  need  to  survive,” 
said  Louis  Provencher,  Conservancy  research 
ecologist  at  the  Longleaf  Pine  Restoration 
Project  at  Eglin. 
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For  example,  cellulose,  lignin,  tannins  and  resins 
in  plants  make  the  plants  resistant  to  decay,  but 
they  also  resist  digestion.  The  springtails  are  one  of 
the  few  animals  that  can  process  these  compounds. 

Str«»\ytk  l»\  Nuh%l>«rS 

Ten  springtail  species  have  been  recorded  at 
Eglin,  from  about  waist-high  in  the  foliage  down 
to  the  top  of  the  leaf  litter.  While  springtails  can 
range  in  size  from  a  quarter  of  a  millimeter  up  to 
six  millimeters,  the  most  common  springtails  at 
Eglin  average  between  one  and  two  millimeters 
long,  barely  visible  to  the  naked  eye.  Their 
populations  can  occur  in  the  millions  per 
hectare  (2.47  acres). 

“You  wont  see  them  at  first;  they  appear  to  be 
little  dots.  But  if  you  start  to  look,  you’ll  see  them 
everywhere,”  said  Dr.  Richard  Snider,  Michigan 
State  University  professor  of  zoology  and  entomol¬ 
ogy  who  has  studied  springtails  for  more  than  30 
years.  “They  look  like  little  spiders  as  they  hustle 
around  on  their  tiptoes,  walking  up  the  sides  and 
tops  of  plants.” 

Snider  explains  the  work  the  springtail  does  by 
talking  about  graham  crackers  and  peanut  butter. 

Let’s  say  you  don’t  like  graham  crackers  or 

S;t  them,  but  you  eat  them 
f  to  get  the  peanut  butter, 
eat  what  it  wants  -  fungi 
nd  bacteria  -  the  springtail 
has  to  eat  the  leaf  litter 
that  the  fungi  and  bacte- 
^  riagrow  on.  But  the 
springtail  doesn’t  want 
J^ii^itjter  and 
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accreted  leal  litter. -is 
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different  fungi  and  bac\»ia. 
along  and  wants  to  eat  that 
the  same  time,  excreted  nul 
the  soil  -  compounds  of  c; 
phosphate  and  nitrogen,  all 
in  the  functioning  of  the  ec 

A  springtail  characterist 
guishes  these  invertebrates, 
pods,  from  other  tiny  creat 
wild  is  the  huge  leap  they  t 
startled,  a  jump  of  about  2 
their  body  length.  Springta 
off  a  long  tail  wound  up  ur 
abdominal  segment  and  he 
by  a  catch  mechanism  whei 
use.  They  are  alerted  by  fie 
nae  that  sense  temperature, 
moisture  and  scents. 

One  rare  blue -and -yello 
found  at  Eglin,  Sminthurui 
one  of  the  most  curious  sp 
America  because  of  the  sha 
its  back.  Scientists  do  not 
Sminthurus  floridanus  had 
in  Florida  for  more  than  1C 
Conservancy  researchers  re 
restoration  study  at  Eglin.  ’ 
restricted  to  fire-maintained 
in  Panhandle  Florida. 
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A  surprise  at  Eglin,  said 
high  number  of  springtails 
maintained  forests.  In  the  f 
wrongly  been  thought  of  as 
Researchers  find  that  spring 


Str\if\tkoruS  s 

Ht Hr  bxs« 


Key  Link  in 


now  chemically  changed;  it  is  finer  and  attractive  to 
different  fungi  and  bacteria.  Another  animal  comes 
along  and  wants  to  eat  that  fungi  and  bacteria.  At 
the  same  time,  excreted  nutrients  are  released  into 
the  soil  -  compounds  of  carbon,  sulfur,  calcium 
phosphate  and  nitrogen,  all  important  elements 
in  the  functioning  of  the  ecosystem. 

A  springtail  characteristic  that  distin¬ 
guishes  these  invertebrates,  or  arthro¬ 
pods,  from  other  tiny  creatures  in  the 
wild  is  the  huge  leap  they  take  when 
startled,  a  jump  of  about  20  times 
their  body  length.  Springtails  propel 
off  a  long  tail  wound  up  under  an 
abdominal  segment  and  held  in  place 
by  a  catch  mechanism  when  not  in 
use.  They  are  alerted  by  flexible  anten¬ 
nae  that  sense  temperature,  vibration, 
moisture  and  scents. 

One  rare  blue- and -yellow  springtail 
found  at  Eglin,  Smlnthurus  floridanus, 
one  of  the  most  curious  species  in 
America  because  of  the  sharp  project 
its  back.  Scientists  do  not  know  its  fu#tefe|g|S - 
Smlnthurus  floridanus  had  not  been 
in  Florida  for  more  than  100  years, 

Conservancy  researchers  rediscovered  jt. during  the 
restoration  study  at  Eglin.  This  rare  ^^e$  ^itris^ 
restricted  to  fire-maintained  longleaf  pine  habitats 
in  Panhandle  Florida.  ..." 

BurtvCc!  ArChS  Ar< 

A  surprise  at  Eglin,  said  Provendher.wasthe 
high  number  of  springtails  on  plad^k  the  ^^;. .  .. 
maintained  forests.  In  the  past,  birtt^rea^l ^ 
wrongly  been  thought  of  as  less  , 

Researchers  find  that  springtails  respond  positively 
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to  fire;  their  numbers  increase  dramatically 
in  the  months  following  a  burn. 

“The  impact  of  fire  on  arthropods  is  a  current 
research  focus  for  some  entomologists,  and  we  are 
finding  at  Eglin  that  fire-maintained  longleaf  pine 
areas  seem  to  have  greater  arthropod  biodiver¬ 
sity  than  surrounding  areas  where  fire  has 
been  suppressed,”  said  Conservancy 
Entomologist  Krista  Galley. 

The  springtail’s  presence  is  evi¬ 
dence  of  the  health  of  an  ecosystem. 
"They’re  used  as  indicators  in  the 
field,”  Snider  said,  since  population 
depressions  may  mean  the  spring- 
tails  are  sensitive  to  herbicides  or 
pesticides  being  used. 

Their  presence  is  good  news  for 
Eglin  researchers,  now  in  the  fifth 
year  of  a  six-year  study  of  the  largest 
single  ownership  of  longleaf  pine  forest 
remaining  in  the  world.  The  study,  one 
of  the  largest  restoration  experiments  ever 
undertaken,  is  a  collaborative  effort  between 
the  Conservancy,  the  University  of  Florida  and 
the  Tall  Timbers  Fire  Management  Program. 


"What  we’ve  seen  so  far  is  that  fire  is  definitely 
the  best  technique  for  restoration,  especially  for 
stimulation  of  the  understory  biodiversity,”  said 
University  of  Florida  Professor  George  Tanner. 

Researchers  will  continue  to  study  aspects  of 
restoring  degraded  longleaf  pine  sandhills  at  Eglin, 
including  the  role  springtails  play. 

"1  just  find  it  amazing  that  when  fire  comes, 
these  little  wingless  creatures  with  no  method  of 
escape  survive,  and  their  populations  really  respond 
positively,”  said  Galley. 

Snider,  in  helping  identify  springtails  from  sam¬ 
plings  for  the  Conservancy,  has  discovered  two  new 
species  at  Eglin.  He  agrees  the  creatures  he  calls 
"cute”  are  critical  to  the  ecosystem.  "If  it  weren  t 
for  springtails  we  would  be  up  to  our  necks  in 
organic  matter,”  Snider  said.  0 


Sprinytxils  *re  found  aJI 
over  the  worlJ  ih  h&hit&ts 
r&nyiny  froHv  rock  crevices  in 
Antarctic*  to  the  American* 
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in  Key  West. 
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Resource  Issues  Update 

A  Publication  of  Champion’s 
Wildlife  &  Forest  Policy  Team 


SFI  Lessons 

Champion  has  proposed  a 
workshop  where  companies  that 
have  completed  SFI  3rd  party  audits 
can  share  learnings  from  their  field 
experiences.  AF&PA  and  The 
Conservation  Fund  will  serve  as 
cosponsors  with  CIC  in  the  one- 
day,  invitation-only  session  that  will 
follow  the  SFI  Summer  Conference 
in  Portland,  OR  in  June.  The  goal 
is  to  have  representatives  from 
audited  companies  and  audit  firms 
share  learnings  that  could  lead  to 
SFI  enhancements  -  -  either  in  the 
standards,  performance  measures, 
and/or  list  of  indicators. 

Riparian  Buffer 
Training  in  NC 

Three  employees  from  the  Eastern 
Carolina  Region  attended  a  day¬ 
long  session  detailing  the  new 
riparian  buffer  protection  rules  for 
the  Tar-Pamlico  and  Neuse  river 
basins.  The  training  provided  a 
regulatory  overview  and 
interpretation  discussion  and  visits 
to  6  field  sites  for  examination  of  the 
application  of  the  new  rules. 
Specifically,  the  riparian  buffer  rules 
mandate  protection  of  a  50’  area 
immediately  adjacent  to  all  surface 
waters  including  perennial  and 
intermittent  streams  that  are 
locatable  on  USGS  quadrangle 
maps  or  county  soil  survey  maps. 
Within  the  buffer,  the  regulations 
place  limitations  on  the  amount  of 
harvest,  type  of  equipment  utilized, 
and  other  management 
considerations. 


Classified:  Streams 

Weldwood’s  Hinton  Division  has 
completed  pilot  studies  which 
enable  them  to  define  watershed 
basins  using  an  automated  GIS 
program,  and  classify  streams  by 
channel  type  and  bed  material  size. 
Once  all  basins  are  defined  and  all 
streams  classified,  the  data  will  be 
used  to  develop  the  most 
appropriate  management 
prescriptions  for  each  site,  such  as 
type  of  crossing  to  install,  or  which 
streams  are  high  value  for  fish,  etc. 

Washington  SFI  Plans 

The  Washington  SFI  State 
Implementation  Committee  is 
working  to  engender  support  of  SFI 
and  Voluntary  Verification  Audits 
with  state  opinion  leaders.  Their 
efforts  have  been  stepped  up  in 
light  of  the  Washington  Department 
of  Natural  Resources  recent 
overtures  towards  FSC  certification 
for  its  5  million  forested  acres. 

Forest  Roads 
Workshop 

The  South  Operation  of  the 
MidSouth  Region  contracted  with 
Chris  Isaacson  of  Preceda  and  Dr. 
Robert  Tufts  of  Auburn  University  to 
conduct  a  Forest  Roads  Workshop 
for  Champion  employees  and 
contractors  on  April  5th  and  6th  in 
Moulton,  AL.  Customized  lecture 
and  field  work  focused  on  road 
construction  and  road  maintenance 
problems,  and  BMP  work  after 
harvest. 


Eagles  in  GA 

At  least  two  eaglets  were 
discovered  in  a  bald  eagle  nest  by 
Donna  Hardy  in  the  Georgia  District 
of  the  MidSouth  Region.  Georgia 
officials  were  aware  of  the  location 
of  the  nest;  however,  based  on  an 
aerial  survey  conducted  earlier  this 
year,  they  believed  it  to  be  inactive. 

Lessons  in  Hardwood 
Management 

Dr.  Bob  Kellison,  Director  of  Forest 
Technology,  visited  the  MidSouth 
Region  on  March  21-22,  and 
instructed  foresters  on  hardwood 
management  techniques  and  how 
they  complement  Champion’s 
Forest  Patterns.  Bob  offered  to 
return  to  the  MSR  to  delineate  the 
line  separating  suitable  pine  sites 
from  sites  where  grade  hardwoods 
should  be  managed. 

Tour  of  Special  Place 

A  local  chapter  of  the  Sons  of 
Confederate  Veterans  conducted 
tours  of  Eastern  Carolina  Region’s 
Confederate  Fortifications  Special 
Place  on  Saturday,  April  8th.  The 
fortifications  are  a  series  of  hand- 
dug  trenches,  bunkers,  and 
ammunition  storage  areas.  They 
were  constructed  to  prevent  capture 
of  the  Wilmington  to  Weldon 
Railroad  by  northern  troops  during 
the  civil  war.  Tours  and 
interpretations  of  the  site  are 
conducted  in  the  spring  and  fall, 
providing  an  exciting  view  into  local 
history. 


Update  on  GCPEP 

Ad  Platt  and  Joe  Cox  represented 
Champion’s  Gulf  Atlantic  Region  at 
a  recent  meeting  of  the  Gulf  Coastal 
Plain  Ecosystem  Partnership 
(GCPEP).  As  the  GCPEP  matures, 
it  is  better  defining  it's  region  of 
concern  as  those  lands  from  the 
Escambia  to  the  Choctawhatchee 
River,  and  from  the  Conecuh  NF  to 
the  Gulf  (including  the  barrier 
islands).  Membership  in  the 
partnership  is  also  evolving.  The 
NF  in  Florida  has  withdrawn  (not 
physically  within  the  region,  but  still 
supporting),  and  several  other 
organizations  have  petitioned  for 
membership  (including  FL  DEP, 
John  Hancock,  and  Pensacola 
Naval  Air  Station,  Whiting  Field). 
GCPEP  helps  the  GAR  in  a  number 
of  ways.  Examples  include 
assistance  in  developing 
management  guidelines  for  the  bog 
frog,  development  of  practical  field 
guides  on  native  grasses  for 
restoration  and  road  stabilization, 
and  assessment  of  streams  on  our 
landbase.  Champion  has  provided 
office  space  for  three  GCPEP 
employees  in  its  Blackwater  Office, 
and  expects  that  to  grow,  as  the 
GCPEP  is  currently  interviewing  for 
a  conservation  biologist. 

Law  Reviews  Revised 

Reviews  of  Maine’s  and  Michigan’s 
state  threatened  and  endangered 
species  laws  have  been  revised. 
The  reviews,  originally  published  in 
1 997,  have  been  revised  to  include 
recent  modifications  to  each  state’s 
list  of  T&E  species;  and  in  the  case 
of  Maine,  recent  amendments  to  its 
laws  that  more  clearly  define  take. 
The  updated  reviews  can  be  found 
in  the  SFI  Library  on  Lotus  Notes, 
or  hard  copies  can  be  requested 
from  Jim  Sweeney 
(sweenj@champint.com). 


Managing  A  Tradition 

In  Maine,  there  is  a  unique  long¬ 
standing  tradition  of  public 
recreational  use  of  private  forest 
land;  and  with  nearly  2000  miles  of 
roads,  there  has  also  been 
problems  of  abuse.  The  NER 
Public  Use  Team  has  taken 
important  steps  to  manage 
inappropriate  behaviors  and 
environmental  risks.  The  center 
piece  of  this  strategy  is  a 
partnership  with  users  of  fee-owned 
lands  called  Champion  Stewards. 
Members  pledge  to  demonstrate  a 
high  level  of  stewardship  ethic, 
comply  with  NER’s  public  use 
policies,  encourage  others  to 
exercise  responsible  and  respectful 
behavior,  and  report  abuses  and 
problems  observed.  The  annual 
$20  administrative  fee  entitles  a 
Champion  Steward  to  a  vehicle 
decal,  public  use  atlas,  policies,  and 
news  letters. 

End  Run  Fouled? 

Conservation  groups,  after  loosing 
in  U.S.  courts  have  taken  their 
claims  that  forestry  violates  the 
Migratory  Bird  Treaty  Act  to  the 
Commission  for  Environmental 
Cooperation.  The  CEC,  made  up  of 
Canada,  the  U.S.  and  Mexico  has 
been  asked  to  censure  the  U.S. 
for  failure  to  enforce  the  MBTA 
against  loggers  and  logging 
operations  saying  harvest  takes 
birds.  AF&PA  filed  a  detailed  legal 
brief  in  support  of  the  U.S.  response 
to  the  CEC  pointing  out  U.S.  courts 
have  repeatedly  found  the  take 
provisions  within  the  MBTA  do  not 
apply  to  forestry,  a  fact  omitted  from 
the  conservation  group’s  filing.  The 
brief  goes  on  to  point  out  that  it 
would  be  inappropriate  for  the  CEC 
to  interfere  with  the  authority  of  U.S. 
domestic  courts  to  determine  U.S. 
domestic  law. 

More  Active  Eagles 


A  Bald  Eagle  nest  has  been  located 
by  Champion’s  Gulf  Atlantic  Region 
on  the  Styx  Forest  in  western 
Florida.  The  nest  is  protected  as 
part  of  a  buffer  to  a  pine-hardwood 
bottom.  The  nest  was  confirmed  to 
be  occupied  during  helicopter  recon 
this  spring;  two  adults  and  one 
fledging  eagle  have  been  observed. 
The  GAR  has  entered  the  location 
into  its  GIS  mapping  system  and 
has  established  operational 
restrictions  in  line  with  USF&WS 
guidelines.  The  hunting  club 
leasing  this  property  has  also  been 
instructed  to  minimize  their  activity 
around  the  nest  during  the  nesting 
season  (Nov  -  Mar). 

SHARE  Gets  Grant 

The  Maine  Atlantic  Salmon 
Commission  has  approved  a  one 
year  $90,000  grant  for  Project 
SHARE.  The  funds  will  support  a 
Grant  Writer/  Executive  Secretary 
and  a  technician  to  help  watershed 
councils  develop  management 
plans.  These  positions  will  provide 
an  opportunity  to  expand  efforts  to 
conserve  salmon  habitat  in  the 
seven  major  wild  salmon  rivers.  In 
2000,  Champion  International  and 
Georgia  Pacific  completed  a  three 
year  sponsorship  of  Project 
SHARE'S  Executive  Secretary. 

During  this  time,  Project  SHARE 
has  become  nationally  recognized 
for  its  approach  to  salmon 
conservation  making  awards  of  this 
type  possible. 
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